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ABSTEICT 

This manual is Mrittsn as a direct followup to the 
»^lzpl©ring Occupation in Hanuf acturing Student aanual^'^ the purpose 
of which ^aa to (1) promote an understanding of sanufacturing 
industry if (2) acguaint students with structures of the many careers^ 
^ occupatiansy and jobs contained within manufacturing enterprises {3) 
explore selected career fields by use of a typical program example ^ 
and. (ft) provide a generalized set of guidelines for ftir.ther and 
related curriculum development in the exploration realm* This manual 
has the same purposes and continues them into the preparation phase 
by using a program example in curriculum development guidelines* The 
program guide is designed to fit into the scope of secondary school 
programs in the academic ^ industrial, and vocational curricula* 
Content is presented in tifo sections^ a general overview of guality 
control and the inspection field and a section on specific 
occupational preparation*^ The general overview section (22 pages) 
contains consideration major influences and environient 
encountered within the manufacturing enterprise in the guality 
control career field; an overview of statistical usage in quality - 
control; and description and prescription of the job and occupational 
hierarchy contained within \the quality control WLreer field* The 
occupational preparation section (92 pages) provides gaidelines for 
development of curriculum in five major quality contwl categories 
found in mort industries^ Blueprint reading, basic statistics, 
mechanical measurement, electrical oeasurement, and chemical 
measurement* (Lis) 
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■niis teci^ational^ Prepaimtlon in the QmJ^ity toitrol and 
Inspectioii Field Studeiit Jtoiual is written as a diract £o11qw=^i^ 
o£ the ^^loring (fccupations in Rfanufacturing Student Mai^ial. 1h© 
'Ej^lormg ^toual's puipose 1^ to: 

1, prompte an mderstandmg o£ nmiufacttfflng industry^; 

2. acquaijit the stu&nts with stiwtures o£ the rmiy 
careers J occi^ations md jobs contained mtJi nmufac- 
turijig enterprise; 

3. ^e^lore selected career £ields by o£ a t>Tpical 

program exajiple; md 

4, provide a generalized set of guldelmes £or further and 
related curriculum developn^nt in the exploration realm* 

TMs Ntaual continues those foOT puiposes into tiie prepara- 
tion phase in the sam maimer* This is acconplished by utilizing 
a prograjn exan^le in the curriculimi davelopmmt guidelines . 

As was the ease in ttie exploration phase, soto delifliitation 
in the preparation for career fields wa/i necessaiyi^ Ihe concen- 
tration In quality control tos diosen became it contains skills 
and inouledge that are broad; tiie conprehenslve job classes 
exajnlnedi have high relationship with all of tiie mjor s^-fimc- 
tions of nimufacturlng enteiprise, llils prograin pilde will fit 
within the scope of purpose md present on-golnji secondarjr school 
prograins in the aca^temiCy Industrial md TOcational curriculifflis* 

"nie teaching/leaming program taan! mDdel contained In tiie 
exploration phase is suggested as a resource in\ tiie curriciilum 
developed as a restalt of this Manual* TOe conduct of the progrOTi-- 
as specific skills are developed becOTOS the focal point-- 
encouraging lase of prascrflted resources* 

jXhe Nfanual is presented in two sections a general overview 
o£ quality control and the inspection field mid specific occT^a- 
tional preparation* ' 

"Die general overview section contatos consideration of major 
influences and enviroranents ^coisiterad within tiie manufacturing 
enteiprlse In the quality control career field; an overview of 
statistics lisage in qiiallty control; md description and pre- 
scription of the hierardiy of jobs and ocat^atlons contained 
within the quality control career field,- 
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Hie occi^ational pTOparation section provides piidelines for 
developTOnt o£ currlcuiiEn m five major qiaallty control categories 
fomd in nearly idl ir^dustries, nanBly: Blueprint fading; Basic 
Statistics; ffeiAanlcal Measurentent; Electrical Measurement; and, 
Qiemical Ifeasurement* 

By approachuig the pr^aration phase In a broad seMe^ it is 
hoped that interested students will see the aji^rtance of tiieir 
skills and taowledge In qimlity control and inspection across tiie 
industrial job market. AlsOp for tiiose students interested m 
hi^ier eAelon careers in quality cOTtrol, the basic preparation 
can allow them the same broad view o£ a field rather thm one job. 

It is sincerely hoped that this Manual serves those purposes. 



Jolm E, R^vmy 
^p^y ^slstmt Conmssioner 
New Jersey Departonent of Eduction 
Division of Vocatioiml Education 
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As with any pTOject enconpassing s^i a diveraifled field m 
ffenufactin^ing feterpriseSs tiiis is tiie result of the efforts of 
comtless peraons vAiq Imve sullies tiim taowladge^ and the facts 
iqson^Mch it rests, Philqsophys rationale ^ infoiiiations 
critiqia^ testmg and diange IxavB be«i reviewed by special per- 
sonnel vho TOrked on, or si^lled infoirotion to tiiis projects 

To all the nmy advisoiy persomiel and cqnmttee iMiibers, . 
sincere thanks are Aae. It is inpDSsible to list them all and 
delineate their contribution. 

The ftoufactiffing Gluster Series of whidi this is a part 
represmts m effort In curriculiaii developnmit by tiie iWited State 
Office of Education, tiie New Jersey DepartTOnt of Education and 
Fairleigh Dickinson University* 
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Oempaflenal PmpMratlmn In thm ©usiify Cenfml and 
• Inspmtlmn WfmSd . , ■ ■ 

,^ Students vAio have selected pr^aration ui ttiis career, occu- 
pation or job field sho^J^d have had som prerequisite instruction 
in the manufacturing ente:^rise area, "^^ical pre-preparation 
TOuld includa: 

1, Iristmction and e^erl«ice gawied in the ^loring ^fanu- > 
facturing ^ci^atioy Prog tim from -Qm ^tal^iactur^g 
^ Cluster Series; md/ot, 

2* Instruction md e^^erianca gained in T^e Ifarld of ^toiu- 
1-^^^ factinrtoa ftrogram ; Mc^^t and Mc^rih^, Bloomngton. 

illinoisV 1971; ma/or r ^ 

3. Instruction and ei^erience gained in an todustrial arts 
or VDcational progMm pr selected skills wquisition 
courses m tr^ or gOTeral laboratoiy; general physics 
and chemistiy; economics and basic math. 

Ihere is no specific determinable degree of skills ^ and know- 
ledge needed in any of tte eB^v© areas in order to participate in 
the folloiwig program but a hi^ toterest m these areas would be i , > 

a great aid. The first section of "QiiB n®Bual syntAesixes and \ if 

articidates^ in a gmeml ownaeWp selected m^or mfli^nees md \ 
related qimlity control md inspection Idiowledge areas ojiitained 
irtthin manufacturing. These syntheses ^ generally g encoTOass areas ■ [ 

of history, economics^ systms teclmology and Mreer davelopnBnt. 



The second section contaL^ a guideltae for specific skills 
and knowledge acquisition in the areas of: Blueprint Reading] 
Basic Statistics; Mechmucal Measuremmt; Electrical Jfeasur^mentj 
and Qiemical MeasumnOTt. 

An ii^rtant factor in the pr^aration phase is necessarj^ 
overlap in related edi^atlwi md train^g tetvfeen tiiat vMdi iso* 
called e^loration and pr^aration. There is no ^finite cleavage 
betotfeen the -btfo phases. Ej^loimtion contlni^s along with prepara- 
tiOT. Students nmy drop out during the pr^aration prop^ to 
many reasons, ttie reason ^uld be a near the end of tiia pi^rm 
decision not to pm-sue this ^fpe courae of Instn^tlon, even 
though thc; student developed conpetenQr m the course. 'j 



8 



1 .^7. 



1 



ERIC 



In this case, students may still be eaq^loring, i.e. , changing 
their direction md/or focus die to awareness of other and imre 
intertsting career areas ^ey would like to ej^lor© for career 
preparation. 11113 can be accoirolished in this particular course 
o£ uistructiQn. Inspection skills are in^rtant to the qmlity 
control concept in this career. After ejqploring and trying ttie 
Inspection field, studKits may select the higier technician or 
eri|ineering'edielons of the career field. This nay require the 
students' and sdiool system to rearraige tiieir ■programs mm a 
balance of academic and vocational sitojects, possihly. witii an 
enphasis on academic sii)jects. .'' 

" Xt-is the^cmcept of^ career educatim to pronwte studies with 
students involvement in awareness, exploration. md pr^arat ion 
phases so that they can realize tiieir potential. Usually, poten- 
tial is expressed i;ptfards and towards the top. Course enphasis 
and specific desipi to the lowest point will not serve tiie goal of 
education or the stutont. ' 

The career edi^atlon concept enphasis is on proroting student 
potential in work- related dimensions. This course of instruction 
should not be inteipreted as a metiiod of helping stutoits to 
beconffl inspectors or evai quality control engineers . Ihls is a 
course designed to help and fflicourage students to prepare them- 
selves along educational and training lines in a wide selection ot 
career choices. This type ej^rience and instnictlon has, as its 
nkin piapose, the objective of si^plying informatiOTi to promote 
imderstanding. of this career field. Vhen this objective is net, 
addition^ activities of narrower field selection-, intensive , 
occi5)atlwial or job preparation and/or recogtiltian aid plfflming 
for advanced fonnal education can be better acconplished. 

SYsms tooinoijogy and QOALiTy ooKrmh 

a^stems tecMology is the knowledge we Imve collected about 
systenB, their perfonnance and their dmracteristlcs. For a 
systan to exist, it must have a pu^se, a mission, or a task that 
it can perform. 

The Arorican :^ciety for Quality tontrol defines a systan as: 

"A groLp o£ Interacting hwam and/or madiine elanents, 
directed by iiifonnatlon, vAiidi operate an and/or direct 
material', information, energy, and/or hUMns to achieve a 
common specific piirpose." 
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Listed below for student consideration are t>^ical systeiTm 
for. qu^ity control such as ^ 



Solar system Coirammication systena 

Stellar system Educational systems 

Economic systena Distribution systejte 

Political systems # Aerospace systems 
Transportation system ^aality Control systems 

The reasons for stressing the system conc^t to interested 
students are aptly presented in A. V. Feigenbaun^s articles Nfajor 
New DevelopiTOnts m Systems &igineering > He states tkBt OTgineered 
systems are better for the folloi^g reasons i 

1* They operate at optimon speed and mth optima response* 

2* There is harrony tocng Its himian elerants* 

3* They integrate hwnan and madiine eleTOnts* 

4. They provide hi^er outpi^/ input productivity* 

S* They provide outpirt optimization, 

6* They provide economy of operation. 

7* They allow. overall control of action. 

8. They jjifluence hl^er reliability* 

9. They provide for effective maintainability, 

A manufacturing system consists of ei^t major stages as 



described by 



A. V, FeigenbaiBn. They are: 



Market Irig Nfanufacturlng Si5)ervision mid 
Bigmeejring Siop Operatioi^ 

Purdiasing ^ Mechanical Inspection and 
Maiiif acturirig Engineerijig Fmctional Test 

Shipping Installation md Service 

Quality systems also provide the benefits to mmufacturing 
Ind^tries as they were listed above. The elements of these 
systen^ include: 

' People EquipTOUt InfoiTOtion 

QUALITY COhrmOL SYSTBIS 

In the field of quality control, ^Aldi is in itself ^ system, 
there are specific definitions also, ftie of these deflnltloiis 
listed by A. V. FelgQibaim in Total ^ fflallty Control ^ states : 

■ 'The quUlty system is the network of administrative 
and technical procedures required to prpduce and 
deliver a product of specified quality standards.'* 
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Hie key eleji^nts of a quality system as Ascribed by A, V, 
FeigeribaiM are as follows: . ^ 

• ^ '= " 

1, Production ^lity Evaluation - The establisMOTt of 
procediffes to anaiyze foimally both die product desl^ 
and the process design to ascertaiji timt tJie resultmt 
product will fulfill the customer's requirOTents. / 

2, Product and Process Quality Planning - The fornallzing 
of pl^^ to TOaSLffe, attain, and control the desired 
prod^t quality. ^ 

3, Purdiased fteterial Quality Plaramigp ETOluationj md 
Control - Provides the procedures necessaiy to control 
purdiased material* 

4* Product md Process ^lality Evaluation and Control - The 
proceduffes established for Mplementijig the product and 
. process quality plamlng, 

5. Quality Infomation Feedba^ - The Infotination system 
which foms a part o£ the quality system. 

6. Quality Information Equiprent - ihe eqmpTOnt that pro- 
vides the quality measurCTients that are necessary for 
the control of quality identified during product md 
process quality plOTiing. 

7. Quality Training, Orientation, and Itopower Develop- 
irent - Provides tiie means for developing the people 
capability required to proper ly operate the quality 
system. 

8. Postproduction Quality Serw.ce - The service provided to 
ensure the consurer a product mil function as ejected, 

9. NfanagCTient of ^e Quality Control Function - The pro- 

^ cedures the manager uses In getting his job of mmaging 
done, » 

10, %ecinl Quality Studies - Provides procedures and tedi- 
niques for identifying specific quality problen^ aad 
finding specific solutions for such probleM. 

The quality system provides the channels tiirou^ whidi tiie 
stream of prodLct-qimlity-related activities fllow. This, together 
with otiier systems, makes i^ tiie mam line flow of the total 
business system. . . 
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THE ^^^tJEAC^^JRING process as a systbi 



^plying tht eight -stages of a manufacturing system into an 
operational, fmction r^uires an iflider'itmding of ti^e fimdairental 
factors that affect quality. These seven basic facitora are; 
' ' _ ■ ^ i 

I^rkets rtexagenffiiit 1 

People ' — ~ Materials {' j 

Money Machines •andJfethods 

These factors must be considered in tlie nmiufacturuig process 
at all tiros . Tlie following diagram shows the general construc- 
tion of a TOdel for a manufacturing system. 



SYSTEM CO^ONENTS 
Figure 1 
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A^tioiml applanation of tera^ for^e'manufacturmg s^^ 
model in Fi^ire, 1 on page S are: 

1. tteamoloar - Includes the selection of tiie proAjct to be 
nanitf actittBd ahd the process by ^iMA it is pTOduced. ; 

2* Resowces Include tiie iraterials and parts used to n^e 
■^e prodi:rcts md the power and fuel required to operate 
the ' production machuies* % 

3. Facilities - Incline tiie raadiines and equipiimt used to 
produce the product* 

4* M^ldings - To house the people and equipment, 

/5. . ffaijitenance - Ifeep the facilities operattag md in ff^i 
eoniitim, , 

: 6, Labor - The people \Aio operate tiie madilnery and run the 

factory. Th^ reqiiire: Aptitu^s; Edwatlon and 
Training; and Scills/ 

^ r'" - . ■ " 

'role of IIp^CTIOTJ IN ^lALlTY CONpDL ^ 

I' . ' r ^ ^ . ' 

The qtality of a proiict is directly ^related to the reputa-: ; 
tion and success of a coiiip^* \ into tetter^its protet, tiie better 
its reputatiOT and the better its plesiMll be^^^^^ 
is desi^ed^ the engineering d^arropitv^ 

fions and^ 'Uiereftfre^ V The^^^iops make or 

ricate the product ;accordljig^^^ 
is th^ fimctioh of the inspecti^' pyi 
qiklity of the ftoished prodi^t islta'accbrdmce to 
,that are established. \ /%X -■- 

Inspection does not create qu^ity, but ^^^^i^^^^ 
trbl qu^ity. It provides the meaiis of iwasuring thp qu^ of 
materlaLs and ??orlonaMhip vAxiOi 'm)t^ ^i^ ^&^ product V ' Iliis does 
not mean the workers do npt'lmve a »^ vflien 
coi^leting ar^task since they have to ineMure or otheridse exmtoe 
their itforicat various st^s m tto ^process ; ' ^ 

There is jnoroi to mspection/aim mere^^ tiie quality 

level of the finished prodtbt* The aim is to pi^VOTt dtofects by 
discovering md elijiimatuig the caiases of "the probl^. ^ early 
datection^pfU sli^t yarimce, tiie coirection of a difficulty my 
take place by a minor inadiuie adjustorent* If inspection tos iwt 
available j -mm^ parts could be prodtced; This 

wmld restit iri^a^ Ipsa of parte md a loss in tinis because a mm- 
plete new set-t^ of the machiM would have to take place. Early 
JjispectiOT cm detect conditions \rfiich coiald lowr tiie quality of 
the prodtrct* ;^ 
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CTATigrics IN qiALiTY Qommi 



Tffi NE^ FOR STATICTICS _ ^ " = \ 

One o£ thb most ijiportant tools ^ed the quality rontrol 
specialist is the nAthemtics of statisties md pTObabillty*^ 
ftatistics is a tedmical word fer the stuffy of ^e results of . 
such actims as tossuig a com, throwing a pair of dice or playiJig 
a card gaM. The conc^t of '^laytog tiie' odds" has fascinated 
hurtiins since the beguming of tim. the practical use of 
statistics is a wlatively irecCTit ^eloptent, >?itii its prraai^ 
growth during the T^rentieiai Centu^. Statistics aire used in 
me^ctrie, education/ research p business and economcs, / 

^ The principal value of statistics is its ^plication to tiie / 
examination and review, of Information obtauied from a small 
/sa^le. The infoiimtlon obtained from tiusi sai5)le cto be a very 
/accurate TOas^remOTit for the entire popia.atlQn or froni^vaiich 
the saitpla wak ta&en. ^le use of polling tedmiques to predict 
elections and the use of computers to predict the outcomi on 
election ni^t are eksuiples of statistical applications. Tele- 
vision programs are rated based on a statistic^ stoipling of ^out 
1,000 families randomly selected tiirou^out the iMted States 
O^ielsen totlngsjt From tiiis sanple of families and soto suRsle- 
mental telephone siffwys^ the analysts are able to. estumte -flie 
television viewing habits of all the families in tiie ttutfed States, 

Vhen referrmg to quality control by statistic^ iwfliods, it 
is meant| specifically to those quality contTOl tedmiques whi^. 
involve the use of statistical data. The term ^'statistics'' has ^ 
caused a great deal of cmstemation m indust^ siiice it is 
generally ^sociated with highly involved theories and mathe- 
natics. However, the stu^nt Ishoiad realize tJiat statistical 
methods in industrial daily i^e have been redi^ed to wry elemen- ^ 
tary aritJunetic and may be su^stmtiated by siniple logical 

JCtiCMl* 



There are three basic areas ^of concCTitration to vfliich statis- 
tical quality control techniques are gmerally ^plied* They are: 

,^ 1. Process controls \ 
2. Acc^tance techniques 
3* fecial job studies 

1, Process ContTOl 

M materi^al is processed, sMples are taken and taspec- 
ted* Based ypon the results of these inspections, tiie 
process is either j^ged to be operating ui b torml 



- 7 - 



erJc 



fashion or subject to mi^ual conditions. iH's decision 
is based i^n the intaipretation of a qu^ity control 
^arti The control dmrts niay be di\d^d into two 
categories- -tiipse for variable and those for attribute 
" data. \ 

\ Whenever the Inspectlbra towlve a nuniericri classifica- 
\ tim of a quality, ^aracteristic, ^e data is said to 
I mvo^vB TOriables* Mien a diameter is recorded in 
/ indies p hardhess in Rockwell imits^ diemical; contOTts in 
predentages^ or an angle ui degrees , tto data ire ^ : 
recorded as a triable* If a part Is. si^ly jiMged good 
... or bad, the (teta is recorded in tenK of attributes. 

The material either is the proper hardtoess or it is not, 
the chemcal content is either acci^table or it is not , 
the weld eitJier exists or it does n6t, tiie finish is 
either Smooth otou^ or it is too rou^* ^ese classifi-^ 
cations provide data hi attribute foirn. , 

; a. X-R aarts ''' '^ 

These charts are for variable data. 

b. pf np, md c Qiarts _ r^^^^^^^ 

These charts are for attrlbilte dataf 

Quality control diarts provide their greatest benefit ^ 
detecting, /at the earliest possible time, conditions 
vhich cause defective material. Thus, a process may be 
corrected before it produces large quantities of border- 
line or defectiyfe mterial* \ ^ 

2. ^ceptance Sapling , ' ^ 

Accept mca saii^ling techniques are desired to pepiit 
valid decisions on material to be based t^n a rela- 
tively small sanple. This alloM inspection of e^sot^ 
of the parts and a possibility to declde^ypon iJiis 
evidence >rfietiier or not the entire proi^ of parts is 
satisfactory. Most of the acc^tance Sampling plans are 
based ipon attribute inspection. The sanplmg plans 
\4iich are gaintog tte Oddest acc^tance are "tfe Militaxy 
Standard Sanpling Procediffes md Tables for Inspection 
by Attributed, or MIL-STD-IOSD, tiie international desig- 
nation of whiQh is .^-STO-IOS. . ^ ' 

3. Special Job Studies f 

Very often certain qimlity information ii ^slred lAich 
. is not available from the rontTOl charts md acc^tance 
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te^iqites in me.;, _^ fecial Stat 

be .med to amlyze the data CTllert^ liis may inTOlve 
, . special a;^licatlQra of ^ntrol dmrt tediniqi^s or 
may Involve otiier more, advanced statistical tedmiques. 
Some of tJie TOre comcn studies mi|Jit mvolve tiie &ter^ 
muiatiOT of process capabilities, the wvlew of existing 
specifications, the investigation of TelatibMhip of 
varioi^ di^ical or physical properties of a material to 
some foirod diiiOTision^ and tiie coiqparisOT of certain 
altemate precesses, 

Bane^ts that are pbtaijied from statistical quality control 
are listed as followsi - 

1 * Prevents ismecessary djispections * 

2. provides facts for decision n^ing, 

3# Isprpvep yispecticn TOthods. 

4* Inproves flow of mater 

5, StMiiates qijality coMciousness* 

6* rlnfluences vOT^r goodwill. 

7. Inprpyes prodtct quality. 

8. Allows process capabilities infomation. ^ 

9. Reduces scrap. 

BASIC STATISTiCAL mWODS \ , 

For the entio^ level stu^mt mto the mmufacturing in4i:^tiy 
only a few of the basic statistical method should be nedessary. 
Thestf mathematical tools are: . 

Average: A TOasure of central tOTdOTQr. It is the 

arithmetic mean of the observed valiies. 

Rmige: A measure of variation. It neiisures tile 

■ spread of tiie distribution'. 

^ . ■/ ■ I -. 

Distribution: Observed ralues mil be distributed about 

^ an average* Iheri are ^proximately tiie 

saro nimfcer of valt^s ^pve and below 
averages . Some of the common distribu- 
tion airves used in industiy are: 



1. Noiml - balanced| distribution with 

"ffie hi^^st nimfcer of 
readi^gf at the average / 
potot.\| . ^ 

2, Poisson ; ^ 
3fe Students "t" 
4. Q^i sqimre 



standard 
Deviation: 



Control Oiarts: 



Sanpling: 



S, B^onsntial 
e, Octangular 
7, MtiitiA 



A measure of diapers ion of ; a nornial 
distrdb^iont i 

aarts used to plot Ijispettion data 
collected from ttte nanufaicturing pTOcess 
beirig monitored* This typ^ of chart i| 
the iBDst v4del)^,,used in ind^tiy for 
variable dati£< collection* 
applications are: 



l^fm pMctical 



1. Teitperatures of irOT^ ^&mwes, air, 

2. Straigtii tests on prodiJ^tSii 
3* VbliTOS of ccfntalMrs 

4, Weii^ts of pa^caged ffxds^ 

5. Msisture OTitOTts of luntoer* 
6t , Sikes of formi dimensions ^ 

7i Chemical analyses of materials* 

8. Finishes of metals or glasses, 

Mien a randMi selectiOTi of parts are ma^ 
from a group or lothOf parts Bnd inspec- 
tions are imde on these few to deteimne 
acceptance or rejection of the OTtire 
lot. 



Freqi^nQ^ 
Distribution: 



A tabiiatipn of distribiition itota shotm 
in gr^hical form sudi as tiie noiroal ^ 
curva or a Mstogran, 



tffi USE OF STATICTICS IN IICUSTOY 

The departn^ts m rmiufacturirig oDi5)anies concerned vdtii tihe 
statistical data forms iimtioned above | esj^cially the contTOl 

are: . i ■ . ^ ' - ■ , .^^^ ; . . 

Ins^ction or Quality Control - Collects tiie datap tabiilates 
and diarts the information ^ aamlyzes tJie data ^ and miQces tiie 
lhte:^retations ctaceming the confoiroaice. 

Production Departtnait " Responsible for the ^justoient md 
r^air of the process and tto si^peimslOT of ^e operators 
.who actually rontrol or operate production ^uipment. It 
is responsible for th^^^ quality of the product, 

' ■ • ' ■ ' • ' ■ ^ 
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Methods ^parteient - ^spaisible for provdding adequate \ 
tools^ fjbrtures, etc. It is involved m decisions TOgardingi 
nmchine repairs- vMdi are realized tiiroug^, »ntrol diart ^ 
, stupes, 

BeBiffi - Study the process capabilities relative to necessaiy 
specification tolerances that cotdd residt ^ a diange of 
specif iwtion. 

Other Departomts - Mnwst .all departnmts associated if&tii 
manufacturmg and service vdll at one time ©r another ^ take 
action vAiidi has been dir^ted from the findings of tiie con- 
trol diart* Ma^ifie r^lacOTOTts, iraterial ^^ges^ and 
personnel changes are all possible results of quality ^ntrol 
investigation* ' . 

The industrial use of statistical datf by tiie departttents 
listed above is mde necessa^ because of production variations. ; 
Variations are differences in ^e ^results of subsequent sanples 
and are the results of the following^ 

1* Variations due to sampling fluctuation* 

2. \^riations due to process change. 

3. Variations due to faulty Inspection tedmiques. 

^ ^ ^ . ^ ^ y ^ . ■ ■ \ \ ; ■■/ 

It is because of tiiese variations tiiat the mmufactOTijig 
industry needs trained quality rontrol persoimel and OTphasize 
adequate training of tlie mtry level hi^ sdiool ftudent. 

HDUCATION, miNlI^, Ai®. PRDFESSlbNAL OBVELOftMr IN QUALITY CONTOOL 

There are many opportimities arid'dialienges iji tiie field of 
manufacturing qualify control for the gradUmting hi^ school stu- 
dent* Since the proper par foraance of all inmufactured products 
depend^ on quality ^ the nwdem qimlity professional should be 
aware of the opporttaiitias that eiAance personals conpany^ md 
connntsilty growth ^d development. 

The q^lity control field provides the following enployment 
opportimities to the inquiring student* ' ^ 

Inspection ^ Reliability BigineOTing. ^ / 

Technical D3\ralopn»nt : Quality or Reliability 
^jality Engineering ^ IvtaagOTent 

The hi^ school student preparatory requirements that are 
considered basic for the entty into the nanufacturing industiy are 
first presented and then followed witli an approadi to contintted 
professional developirait.. ^ ^ 



mm SfflOOL PREPARATORY CURRIOJLUM , 

For the high school studmt to be prepared to ente^ the mtld 
of work in the quality control field, basic educational dayelop* 
ment, would be beneficial. The follbwing is recom^nded for the 
student mterested in this field: . 

\ Prerequisites Concentrations ' 

\ = ' , . ■ ^ 

, \Basic Pfathematics Itaan Relations Electronics in Quality 

\ Control 
^Igebra ^ality 'Control Concepts Nondestructive Testing 

TrigonoMtiy KfedianicaL Measurements Process Coitrol 

deometiy Blueprint toadmg Metallurgy 

, Rafting ■ Statistics \Reliabllity Concepts 

/ ^oality Reports/Data Quality Costs 

Specification . \ 

' , - Pr^aration y 

ON-THE-JOB TRAINING / \ 

On-the-job training is the most cpnnnoh of all tr^nlng 
methc)^ for ine^erienced quality control en^loyees , The/ amoimt 
of training necessary will depmd on the indi^try and the com- 
plexity of the product bej^g^mMufactured. Since :^e majority of 
conpanies do not have fbiinwi tracing programs, they: re3^^ on the 
hiyi sdiools to prepare iJie student, in basic educational needs. 
Specific skills are thm learned tiie new ei^loyee on ah "as- 
required^' basisV 



of the skills^ are specialized and require a long training 
/period and even certiflcal;^ion in som situati%js> Jtv tlterefore^ 
/ is neeessary for the student to leam as nmiy'of tiie prerequiaites 
as possible before entermg tJie World- of -work in the manuf acturtog 
industry. . , 

APPm^mSHlPS : - : 

Certain manufacturing conffanies have apprenticeship programs 
in the field of qtmllty^ control, "niese opportimltles- are veiy 
limited and do require a ndnimiM of four years tratomg and edu- 
cation, it does pro\dd^ the c^npM^ with a well trained enployee 
but it is e^^eiwlve to monitor and coordinate, • 

A hi^ sdiool dipjopa Is raquired and a good background m 
science , mathematics, and shop practices is desirable for all 
trades . The apprentice then my earn up to for^ (40) mits of 
college credit for on-the'-job traming and related techriical 
instruction. Then with an additional twenty (20) mlts of college 
credit j "^e student may quall^ for an Associate of Science Degree 
in a jmior college where^is prow^am exists. . ^ 



COLLEGE TOAINIJ^ 



To help the student mderstmd the educational opportmiities 
that are available an Anericto colleges and miversitieSp the 
follbv/ing is a list of certificates and degrees offered in the 
field of quality control: 

* Ai^roximate 
Proficiency Credit Rwulren^ts 

----- j r . , r ■ " 

Certificate of Proficlancy / 27 S^aster Units 

Associate Degree 60 Senester IMits 

Bachelors Degree 124 Sister Uiits 

Nfester^s Degree - - 154 Sister iMts 

• Many colleges in this comtiy now have some ^e of quality 
control course offering available to tte student seeking cmtinued 
education* M eMomple of a career ladder available to a. student 
in the qimlity control profession is lllurtrated in the followJjig 
matrix entitled, "Educational Matrix Ladder for ^lity Control,'^ 
(See Figure 2^ Page 14). 



racMssi(»iAL (mrincknom 

The ^erican Society for Quality Co^rol is -flie major profes- 
sional society related to the field of. quality cOTtrol. Just as 
many professional orgmizations do, tiiis society offers membership 
at various levels of a career, ^ere is a student nentoership 
available for the M^ school student at a vety nomihal cost* 

: Of major . signif icancr, however, 'tim Ai^rican Society for 
Quality Control recognizes professionalism throu^ the redia of 
certification, ^e specter that is aspiring for a career m 
this profession may prepare to becoTO a Certified Quality Tedi- . 
nicim. Currently, tiiere are several speci£ic options tiiat are 
available in this certification aitea. They are: 

Mechanical Inspection 
NondestrLCtive Testing 
iMpectlon CPMposed) 
Nuclear Power (Proposed) 

Certification is. a reco^tioii of professional peers that an . 
indivtrhml ^0, "in sifl)port of ^nd xmder the dlrectionj'of profes- 
sional engineers J certified quality; or reliability engineers, 
quality managers or scientists can carry out in a responsible 
m^er, proven quality tectaiques or tiibse tp^iqws prescribe 
by engineers . " .1: ^ ' 
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Chemical 

Food and Allied Industries 
Electronics ^Inspection 
Electronics Techriician 



■ \ 
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POCT OR OF TECHNOLOGY m QA 
* (PropOied for Futufe) 







M4STER OF TECH 


NOLOGY m QA 



BACHELOR, QF TEQHNOLOGY m OA 



COMMUNITY COLLEGgS 



COMMUNITY C0LLEGE8;' 



EDUCATIONAL LADDER 
FOR 

QUALITY CONTROL 



Traditional Gfaduste School 



T 



BACHELOR OF SCIENCE 
In any jTMlUional^Area_ 



CERTIFICATE IN QA 



CAREER PREPARATION - (Hth k llth) ^ HigkStehQoi 



CAREER EXPLORATION 



(9th IQth) Jg. High School 



CAREER AWARENESS ^ 



EUmentary School 



■BACHILOR OF SCIENCE 
m QA 

(DiaLfid)^ 



BAcH^LbR 6r ^GtENG^I 

IN MANAGEMENT . 

WITH 
QA CONCENTRATION 



dfiRTMiAfa W 

Q A MANAdEMEN T 
(IZyNITf) 



ill uwre) J 



Entry Level Skilli 



Explore World of Work 



CAMki^k UkiLKtATl O N - {Ith k m J r/Hi^h School ' " '""^^ a^^^^ 

. . . ■ Interest _ 



Head to Work 



I 



ERIC 



OVERVIM OF IhBPECTlON ^ KEASn®^ 



" Ihere are rmtf different aspects of quality ODntrol in minu- 
£ actOTing that reqidre basic skills relativa to various . inspection 
tedmlques/ 'Diis: section will e differOTit inspection 

t^pes md tiie respTOtiTO toola used m industrial mBasurOTient. 

T»BS OT I^ffiPlCTIQN ' ■ ' 

There are a wide range of infection classifications in 
iiidustiy. SoM of the general ^pes are: 

1. Source tilspection - The iiispection of tai^rare at tiie 
source of prod^tion, Usimlly occiffg i^en tihft pur^^er 

r , does not^lwre tSm ^leqiate testing and/or ij^pectidn . 

facilities . ^ 

2. Incoming ifaterial Inspection CR^ei^o^ 

Inspections perfoxmBd at the pinrdi^er-s plant to datey^ 
ndne if materiai confoiros to piirdiase ordar j^uirOTm 

3. Nornial InspMtion - l^en -^ere is to si^ifldunt evidence 
that the qu^ity of prodwt being submitted is better 
than or worse "fl^ specified reqmrOTmts* Vi^i 

4p In-Process Inspection - iMpection iMdi is perfotmed 
, during the mOTufacturing or^ r^air G>^le in the eHbrfe^ 
to prevOTt defTOtives ftom pccurmig and to^ inspect tlii 
characteristics and attributes >^i^ are not capable of ; 

^ be:mg Inspected at fmal inspection. 

^<ifcS^^ First /^ticle Insj^ticai - COTplete inspection of the 
^ first article prrai^fd or received, 7^ 

.6^ Qualification Inspectioiv^ Bxamlnatioh md testiig as 
reqmred in m indiyid^. specif icatidn to deteindne 
whetiier a product is satlsfactoty &r listing on a 
quaLified pro^cers listi v 

Inspjiition by Attributes - iMj^ction ^^erein the mit 
of product is classified as ^fective or nondefective 
^witii respect to a given requirCTmt or set of jwiuire- 

n^ts^^,,^ ^- "^^^'^^^T^— -^^^^ ; - \_ ■ 

8* Inspectio^ by; Variables - Inspection herein a specified 
quality di^acteristic in a imit of product is measured 
on a conti™^S^ sc^fe* 




Other inportant ii^ectionyactors are* . ' 

- ' ' 1. , Inspection Level - Used to indicate ihe rilatlva nun^er 
of sanple imiti for a givm ai»mt of product^ ^Al 
other thuigs being eqiilj a higher /u^pection Imvel 
entails a lower risk of acceptance of a lot of uifarior 
quality. * . 

{ 2. Inspection Cot - A collection of imlts b£ pwd^t 

\diich a sanple is toavffi and Inspected to datermine com- 
J pliance wi^ the acc^tabillfy criteria. : 

. 3. Inspection Status - A :cl^si£ ication of ^ item being 
tospedtadj withheld, rej feted ^ or accepted ^th lindta- 
' tioM tconditlonal) . . ^ 

4. inspection Tpsts " %moMtrate that an article ranforriis 
to the estabiished requirTOOTts witii respect to ft^ 
tioni v?orkimishipp md materials, "nie basis of accept 
>; tance of production articles is oontroll^d TO.t^ 

r ' folloidng tests: i 

^ ;C^iality TOrificatictti Calibration 
^ ]todivldtml acc^tance ^ ^ Production ^^ispect ion 

' ; ^ ; Receivihg inspection \ ^ ^ 

5* Inspect ion Record - Recorded data concerning tJie resists 
' of the inspection vdth approppiate idmtift^g informa- 
. tion ^ to the^diaracteristic or class of diaracteristics 
tospected, . ^ \: 

V SPECIFICATIONS ^ ^ ^' ^ ' ^ 

^ : . The mmufteturing iridustiy operates to yarious specif icstioiiS\ 
: while producing their products, Biese spTCificatioitf ^^re essential 
to ensure the qtaality of the hardware prodiKed and, tfiwefore, the 
new ei^loyee must have an imderst^^ULg of '^^se requirQi^ 
For this reasorip basic blueprtot rtading aid specif icat 
paration were cons Idered to be uportmt mou^ for incoxporation 
to high school /ciUTicula, 

SoTO^of the basic TOthods of conmuriicating specif i in 
manufacturing are: ^ ' , 

Test procediTOs 
Equipnent operatinS procedures 
Instruction manuals ^ 
Shop plainiing 
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6pmta.jiiMg procedures 
Conpany policies 
Rejection ^timents 




ERIC 



The entiy level stutoit ivDid.d Teceiva on-the-job. traming 
relatiw to inta^retation and°inplen^nting the Wrious specific 
catlms listed in the res^ctive place of enploynmt. However, at 
tills level the student shoiid at least be aware of tiie blueprmt 
basic temmiolo^i These are listed below as a reference to 
follow for the interested student* - 



1. Diirensions and Tolermces 

Inteipratatlon of limts 
Datinns' 

Tolermce of buildup 

2, ^ PpsitiOT Toleraiicing 

Coordinate tolermcing 

Polar coordumtes 

True position tolermcmg 

3* Form Tolerancmg 

Straightness 
Flatness 
C^ltodricity 
Profile 



%Tlfl)OlS 

Concentricity 



^^ularity 
Parallelism 
Peipendicularity 
Rtnout 



4, Surface Texture v 

iffiOiW^lCAL INSPECTION AT©' NEASUI®IENT ' ^ / \ , ^ 

The basic mechanical nteasurements i^ed to mmufacturing are 
based on the , following elementaiy relations i 

Precision = exactaiesSy degree of exactitude* 

Accuracy - desirability (relation between observed and true 
^ values) ^ 

Reliability - probability of aduevtog desired results. _ 

,Discrimmation - the degree to vdiich an festriment si&divides 
the mit length Csmallest rea&ble). 

To delineate the differOTces betofaen these TOasurement terms, 
a variety of mechaMcal tools are used. Sore of tiie basic mits 
are listed to acquaint the student with tiiese tools , , 
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1. Scales ; 
Architects and Qiglneers. . 

Conibination ^uare - blade and a square head (ri^t 
angle referOTces)* 

.Protractor Head - For checkuig mgles. 

CoirbaJ^ation &t - A cor^ijiat ion square with a protractor 
and center; heads* 

2, ' Gauges , ^ . 

Depths- Measi^es hcaies J grooves ^ ip^esses. ' 

Calipers^- InstrjOTmts that physically diuplicate tte 
separation betwem the referericf poijit and ineasured 
pomt o£ any dimension mtfiiji tiiis rmge* 

Dlvidprs;^* For Ime TO for end 

ineasureinent; inside cajipers/ for end measurOTent; . ^ 
herMphrodite,' for lu^ to mA meaai»CTiOTtt ' 

Surfacev^ Tto transfer hei^ neasuremraits piire to standai^ 

Mcrbmeter - MSasuremmts of veiy anpliH 
the. use of ^screvf tiirM#l V^;; ? 

Gauge Blocks - &Ld itmdarcte tha^ cbfflbine arithmetleally 
to fom iengtii conJaijiations (the basic tool of precision 
TOasurenttit) . r^^^^^-^ ^ ■ . 

j^tie ^ ppticai cw^arator; ndcrbscope, tool nato^^^^ 
electron;- x-r^ ajrf television. ^ ' 

Limt - Gauges tfiat n^sure one siiigle ddronsion (go/no- 

^ . - ^. . ....... 



Plug - pole Inspections t " 

Ring - Diameters, thinnesses and lengths. ^ 

Snap ^ Fixed or adjustable calipers used for the size ^ 
control of ejrteraal ^mOTsions. ' 

Taper - Parallels. . ' 

Feeler -Gaps or spaces. 
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Radius - Center pomt to arc on circle. 

Screw Thread Gauges' - For sfirew tiiread niBasurCT^nt 
tolerances. ^ 

Torque Iftrenches - Use to Masure the resistance to * 
turning. 

SurfKe Plates - Serve as horizontal referOTce planes p£ 
sttfficient strrngtii and rigidity that TOasurarait opera- 
tions may be s^^rted on it* Also used as grinding 
tables, plmning tables, md latte rays. 



5. ^rface Rou^ess Sc^es - Used for evalmttag rou^ess 
by sight or fingertip by using a scale witii sariples of 
coi^arable pattern. 

6. Protractors p Siiiares, Levels, Clinon^ters - Used to 
ineasure angles. 

Electrical measurentot is pne of tiie mjor masureTOnt cate- 
gories of concern to inspection and quaity control. Tlie sti^mt 
should be aware of this category of TOasurraimt and the basic 
instruments t^ed by injectors. ^ . 

1. ' Resistance measuremmt - Cconnron ^uipnwit used) , 

. Oimn^er, . ' Kelvm 

Voltmeter - Ammeter ^ Megohjimeter 

Wheatstone 

2. Current ireasurOTQit . \^ 

GalvOTOMter - (For snail currents in bridge circuits ^ 
potentiomtersp and otter Masurijig equipTOnt). 

Animeter CShimts) - (Por larger current measurOTents) . 

3. Voltage TOasurCTent , 

VoltTOter - Measures various ranges of voltage. 

Blectroi^mmpmeter, - (Uses an air- core electTOTnagnet in 
lieu of a pewmient mapiet). 

4. Power measurOTait 

Wattneter - Measures electric power by enf»lpying tro 
elenwnts, one current operated, and one TO^ 
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5. Multiple measurenent . " 

Oscilloscope - Permits detemination of cun^tj voltage i 
and freqi^ncy by visual graphical relationships. 

6. Capacit^ce md inductance TCaBureTOnt 

Schering Bridge Resonance Bridge 

Maxwell Bridge Capacitance Conparison 
Hay Bridge Bridge 

Q^en Bridge Inductmice Con^arlson 
. Bridge 

>EASUREMENT OF PHYSICAL Pm OEdlCAL PRDPERTIBS 

The measureitent of special properties of mteriaLsi parts ^ 
md liquid is often reqmred in manufacturing, Oiendcal solutions 
must be tested for the correct mixture. Water must be tested for 
purity* The wei^t of parts and products is also Mportantp since 
many products are priced by the pomd or gram. Most physical mA 
chemical properties are too con^lex to ireasure by sinple experi' 
ments. Ihe following are only exanples of the Idnd of measure- 
ments required, 

i 

^teasln'ement 0£ Physical Qiaracteristics 

Correct determination of weights of, objects has sipiificant 
applications in all fields of Mericm life -and occvpations. 

There are two basic systems of wel^ts and measurentents i^ed, 

1. British System / 

a,' The imlts of weight comiro^y used in tiie IMited 
States and other &igllsh speaking nations were 
derived from British mits ui colonic ^ys* 

b- Ihe basic imits of wei^t are: oimces (o^Oi 
poimds (1 lb, - 16 QzO,^tons (2,000 lbs.) 

2v Metric System 

a. The metric system is ordiiiarily used for scientific 
measureTOnt throughout the wrld and for comMrcial 
puiposes in most nations, 

. b. Thie basic imits of wei^t are: graiis Cg)i kilograns 
(kg, ^ 1^000 grfflis). 
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Wei^ts of objects are detemuied by two basic ^mB'--Of__ 
balances. ^<^^ 

1. The eqml arm balance - TMs type of balmce is by far 
tibe TOst accurate and differmt variations are £omd In 
all laboratories^ ^is type of balance uses tiie lever 
prijiciple. . 

2* ^ring balmces - IBiese t^s o£ b^ances use a spring 
medianism which is con^ressed vftim a wi^t is placed 
i^ion themt A direct reading of the conpresslon of the 
sprmg records the wi^t of an object. Since springs 
lose their elasticity over a period of timSi tiiese types 
of balances are not very accurate* 



Qiemcal Measurenients 

Qualitative measurKnoit or malysis is used to test for the 
presence of a certaM substmce ui a smiple of material or liquid. 
Ihey are i^ually observed, by one or more of tiie senses - taste, 
o^r^ toiKhj md sights 

1. ph TOasuTOTient "nie ph of rater is a measurement 

determtaes Aether water is Kldic, basic (alkaline) or 
neutral* This Is of extreme inportance to the sanita^ 
engineer In terms of water softenings proper bacteria 
action on sewage , corrosive ^tlon of rater proper 
appearance and taste. Depending i^m tiie mvironmeiit, 
natural waters can b^ome basic or acidic. Listed below 
are some comnon bases and acids found iii 'ttie home. 



a. Bases - Basic substances have a bitter taste, feel 
slippery to the touA and tpm red litmi^ paper 
blue. Some conmon bases arei ammonia, bleadi, 
baking spfe, md lye. 

b. Acids - Acidic substances have a sour taste and 
turn litmus paper red. Soto coniTOn acl^ are: 
boric acid^ lemon juice (citric acid), and vinegar 
(acetic acid) . , 

■ " - - ^ 

2. Flame test of elmmts - Sdmo dianicals, when plkced in 
the flame of a biffisen burner will give off a color tJ&t 
is dmracteristic of that elen^t, Son» exaii^les of 
tills ^emlcal reaction are as follows: ^ \ 
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Substance 



Color 



Color 
Due to 



MCI Sodiinn Oilorlde 
CuNOS topper Nitrate 
CuCl Copper CMoride 
^Cl2 CalciiDn Qiloride 
KCl PotassiiBn Qiloride 
MO3 Potassiinn Nitrate 



yellow 

blne-greoi 

blue green 

red 

violet 

violet 



Sodiiin 
Copper 
topper 
Calcium / 
Potassium 
Potass iim 



3* Spectral Analysis - A spTCtroscoj^ is an optical Instru- 
. ment whicai breate dovm the li^t ^teruig it into 
separate frequencies by use of a prism or a diffraction 
gratmg. - : . , T 

^zantitative analysis is detemdnation of the presence of 
a substance in a SMple of matter by wi^t or toIuto. Qidte / 
often the diemistiy and matiiematics involwd in solving qiamitita- 
tive problems ^ require a coi^lete course in diemistry and a ^od,' 
loiOTledge of 'mathematics* Ihere arep however^ efficient metiiods 
enployed using stmdard solutions vMdh make ttds task stopler.' 
As indicated before, color ijidicators mil deteimne tiie^resadce 
of a certain siistmce in a sample of matter* However, if a kdoivn 
mount of the indicator is added to a kiom voltme of the saiiplei 
a direct reading of the Intensity of the color will indicate the 
aroimt of sidDStmce preset In the saufq^le^ as m the^ j 

Determination of dilorine qimntity in a swiranmg pool* i 
Determination of the ph value of water, j 

^ese tests are but two of many color indicator tests tiiat 
can be done to detemine the quantity of aa^ siistance in a sai^le 
of solution. Modem laboratories will have In stock iJiese stradard 
solutions, which enables the latoratory tedmician to efficiently 
and accurately determine the MOtnt of tnd^oMi in my sai^ie 
solution. y. 



Ttm QUALiTy comoL &mER Fmw 



A student considering a carwr in ^le areas of quality con- 
trol, inspection and test occi^ations can the gsneriL struc- 
ture of the quality control career field in Figure 3, page^ 24* 

For puiposes of pr^aration in the quality COTtrol, w^pec- 
tion md test career fields at tiie secmdary level, the area of 
inspection and test is enphasized prtoarily, A student cbntem- 
plating ijranediate job-entiy will, prebdbiy, mter at the |ievel of 
inspector* The iirarediate job--entiy positions are, typic^ly: 



Inspaetor^Trainee - To perform sem-r^titive diebkmg, com- 
= pardjig or in^pectiOT fimctiOTSj mcludijig tiie opeTation of 

eerta^ testing raacMnes or eqmpinmt, vhile TOrkmg mder . 
' /tim guidaiLQe of totb e^^rlenced Inspector, 

Quality Technician - To perform standard labo»toiy tests p 
, aaid preparation and aimlysis of tn-proeess sai^les to aecor- 

dmce vdtii established methods end geMi^ instrwtioM 
utilizuig appropriate equipniint to ^texmine prodi^t 
acc^tabllity* 

Inspector - To inspWt tte ftoricatlonp assentoly* matrng, 
fmctional test and diectout of inmufKtured products* 

Tool and &uge Inspector - To perfoiro a TOriety of co^li- 
. cated inspectiOT^ on all ty^s of first-run precision madiined 
parts to prove accwa^ of madiine tools 4 Use conpliMted 
inspectiOTt aid prMislon measintog mstriLBiimts md ^uipwmt. 
Inspect, m^intato, adji^t, and orte all thread aM plug 
gauges used in a conpmy operation , / 

Assembly Inspector - Inspect electrical and TOChanical 
' asseirblies and s^asseirtslies* 

aip^Mig Bisp^tor - Inspect conponOTts, parts* asseirblies, 
spares, tools, associated gromid stf^rt and test equipMnt, 
raw materials for shipping pr^Mration. 

Statistical Clerk - Perfoim elenwitaty data Mnpilatipn* . 

^e chart of job-entiy positions is not for my single Indus- 
. ' try, but is ai^licable to All 21 uidustries delineated to tiie 
structure of manufacturing section cohtamed in tiiis Itoiual, 

Also, it is not the mtent to coricmtrate on job-entiy skills 
only- ^e skills and knowledges obtained m tiie area of tospec- 
tion md test are applicable to the i^per ecKelons o£ quality 
control level career fields m wll. 

ALthou^ no specific infomation is shown within the career 
field of quality control ^ut quality assurance, it wuld seem to 
warrant a brief consideration. ^ 

Quality assurance is often confused, sometiros pUTpQseivlly ^ 
yath quality control, ^lity assurance is viewed m being A 
higher-order operation of qimlity prograimlng starting at ^® 
^per end of systOTis engmeertog, commonly called syste^fB archi- 
tactile. This asswance field is conprehensive m total dtamslon 
of quality, be it toslpi, selection or operation. The progwmmuig ^ 
/ necessitates multl- disciplinary teams being utilised in systems 
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PROMOTIONAL OPPORTUNITiES 



GROUP INGiNlER 
(ENCl HIGHER POSITION 


REL, PROJ. ADMIN. 


, REL, PROJ, ADMIN, 
SUPfiRVlSlON (FACj . 


. lUPERVISIOH 

' STAFF ASilGNMENT 



iS/BA DsgreSi Cart, of Prof iiiancyor 
ASQC Cirtifleitiofi aai 6 Yri* t^ntimh^ 
Advaneid Degrie iidace timi fiotor 2 Yi s. 



AIQG Giftifiid Eftginiif or Girt, of 
PrQficiffl?y and IS/lA Degree 



Cirt. of Profideaiy If 4 Yri* axpariiaceor 
A. Si Degree QC&R and E Yrs, exparianci^ 
^QCProf. Girt. ladEYri. expaHiace, 



Bl ^ Bachelor of Sclanci Pigrie 

BA - Sachilor of Arts Dagrei 

ASQC - fmtim ieeiity sf 
Qualily Goncrol 

AS - AiioQlale is Sitoe Si|raa 

Cirt* - Oif^lficita 

Prof* ^ Pfdfaisional 

- ^lloeir 



Q/RlNGINEia^SENlOR 



Q/RENGmEIR 



ASIOCIATE ENGWEER , 



i 



Q/RSPECIALIST'SENIQR 



t 



ASQC CERTIFIED ENGINEER- REfRESHER COURIEiiTEST 
A.S.'DlGftEE QCiR SD.UNiTS^SAN DEOO JRi'COLLICES 



Q/R SPECIALIST 



4 



CIRTIFICATE OF PRO^K'fRNC H U UNITS-SAN DIEGO JR. COLLIGES 

STUDENT ■ ' . 

(HIGH SCHOOL OR EQUIVALENT) PRESENT EMPLOYE ^ 



aetiidties. Quality cbntioi, mspection and test are dafmitely 
"Qm bMldijig blocfcs of this field, but so are reli^ility, nam- 
tato^ility, cost effectiveaess and logistics actimties, Tb& 
tmm differmce batvyBen qimlity control and quriity assurmce is 
concerned mth any regiiar nedianical, electrical or other system, 
but, also incli^s tiie hunan operator as part of tiie system md 
tiie totalNperfoTOahce--both ^ecified^md mspeci£ied"tiiat Urn 
systOT dMSxaffid is enable of acconplishaBg* 

In this field, the nearest roniparlson for careers, occi^ja- ^ 
tions or jobs TOid,d have to include quality contTOl, inspection 
and test is a basis. The next edielon m^d be a generalist or 
systras engineer to specialties such as hydra^iw, electronic, or 
raedianical systOTS. The next level would ransider total systems 
in an overall BmagOTent SKisej for exmple, managemmt of the 
space program toclUdtag groimd support system, laimdi^stein, 
flight control system, monitoring/con^miMt ion and landing 

system. r ^ 

The career patts, at this tic©, are, not well dgfuied d)ove 
quality contTOl and system ar^tecture levels, TMs lewl of 
the expanded career field is nwitioned for purposes of information 
and for later me in educational- career oriOTted miteavors* - 
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Sffml§l§ Omupatl&nal Pmparmflw Stfbfdc^^sf fer 



This section of the tonual contaiiis sifcject natter related to 
what Is called *liard-skills" acquisition. These skills md teiow- 
ledge will be acquired in the areas of: - , 

1* Blueprint Readojig 

2. Statistics 

3* ffe^anlcal ItoasurmOTt _ 

4, Electric^ MeasuTfflrait 

S* Qiemical teastoremait 

"nie wide range of related uifomation cOTitalned m the first 
section of this ^fanual, aids the students to tetter understmd 
what they are ^out to leam relative to: f met ion; the mmner 
and roode of the . format; Bnd^ the kinds of skills md knowledge in 
the maniafactinring Biteiprise Career Field of ^aality Control md 
Inspectiai. . 

The pOTpose of stv^ in this program is for imiediate job 
ent^, Puiposes of pwsiung a^^ced fonial ediwation in ^ftis 
field or related career fiel^ can be secured after basic loiow* 
ledge and skills are leamed. , 



DDENSIONS Af© TOLERAIOS \ 

The effectiveness of a qu^ity control inspector is hi^ily 
depend^t on the ability to un^rstand ini^trlal hardrare speci- 
ficatiOTS md drawmg conc^ts* It is therefore necessary to 
review the basics of dammsions md tolerances, 

A blueprint contains all tte nanufacturing reqmrwimts for 
the part beijig proiiced^ either by direct notatiOT or by referwce 
to other docisnents md stmdards. In industry^ the bli^rint is 
also called m "pngtoeerlng draM^ *'dradngp" or '^rlnt*" Each 
of these will bring sindlar respcnises to e^erienced workers, 
'Hiey will be i:^ed interdhangMbly iri this resomrce gudde. 

The bli^rljit is also us^ to tospect a part received from 
outside sources^ diiring manufacturing, m^ the conpletion of 
f^ricktion. IMless deviations or exertions are Issued by 
engineermg, the drawijig is the msm authority for acc^tance or 
rejection* ^ . 
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elDimensltos givm on a blu^rint describe the geomstric 
featfees o§ tiie part and tom anglflar mits ate well as linear 
unitk. The felloidng sket^ is exanple of dimmsioning: 





< X . XX — # 















XX 



XX 



TDlerances are i^ed for two pu:^ses: one, to allow toe part 
to bfe iimnufactiired to within a pit^ or minus of its toslpi and 
two, insist that tte part be nianufactured to wtiiin a tolerated 
dijnensibn. The reason for these tolermces is iisually because the 
p4rt iintet fit with or in arotiier part* . 

TOLERANffiS 

Tolerances are aHoimble/ variations in tiie dijnOTsions given 
on a: blueprint, .^ese varlatiors n^t be considered and taken 
toto accotnt by the manufacturer and the inspector* 

The design engmeer assip^ toler^ces to a ^nsnsion based 
on the mticipated use of the part^ A critical part dji a hi^ 
precision nachine mght have to fit a matting part idthia .001 
^ch, v^ile a nonfimctiqn#l pai^t in the same imditoe "mj^t be 
acceptable if it is withih .01 indi of its basic dijnOTsion* 
Assi^ed tolerances are never sm^ler toan nee^d to d> the job, 
since manufacturing costs rise rapidly as tolerances decrease. 

Therefore, a tolermice is the total amomt that the dlmenaion 
may be permitted to vaiy or it is the total aroinit between tiie 
maximum md miriimm limiting dimmsions. A comon way to show a 
toleranced dimension on a blueprint is: 

' 2.145 t .004 

This TO^s that an acc^table TOasufement obtained by the 
inspector can be no. greater tiim 2.149 nor less thm 2.141, This 
is achieved by the follo\dng arithJi»tical addition and subtraction: 



2,145 
+. 004 
2.149 



and 



2.145 
-.004 



The total anount between these extremes is the tolerance, 
.008, vhich is the total anount that the dimension may vary. 

The tolerance is not always- split evening between plm and 
minus values. Since the assigned tolerance reflects the use of 
the part, it often happens that nore leeway is allowed on one side 
of the basic dimensicn than on the otiier side. For exanple: 

+.003 +.006 +.000 

2.145 or 2.145 or 2.145 

-.005 -.002 -.008 

TolerMiced dimensions may appear on the bluaprint in other 



fomis, 



For exairple, 



+.003 
2.14S-.005 



can be ej^ressed as a pair of limiting dimensions and stacked 
vertically, as follows: 

2.148 

, 2.140 
or placed side by side with a dash betwen, such as: 

2.140-2.148 

TOLERANCE BLOCK 

Often drawings do not list diiOTisions directly on the figure 
of the part and would lead the student to believe there are no 
apparent tolerances. In such cases, look for a "tolerance block 
usually inprintea on the drawing form as part of the title block. 
It will look something like the following: 



TOLERANCES 


(UNLESS OTHERWISE NOTED 




ON FACE OF DRAWING) 


. X 


= , i . 1 


, XX 


= ± , 03 


.XXX 


= ± . 010 



Another way o£ specifyuig tolerances is by a general note on 
the face of the drawing. M exa^le is: 

Nail:' lAiless otherwise noted, all 
toleraices are +.010, 
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Another possible note is- 



NOTl: . Toierances are m specified in 
coi^my standard practices. 

Any dociment, gmde, standard, specification, or sMilar 
.directive relating to manuf^turing of the part, should be refer- 
enced in a note on the face of the drawtog, 

INTORPRETATIOTJ OF LMITS 

All dimension limts are considered to be ^solute; ttat is, 
no measitt^TOnt that exceeds a limit is acceptable. This may seem 
elementaiy, but consi^r the following ex^ple: ^ 

A toleranced d^msion o£ 1,625 + .003 on the blueprwt 
means that the limting din^nsions are 1.622 and 1,628, 
'Die arguiMit could be ma^ that a meMurCTiait of 1.6283 
is acceptable because , it roim^ off to 1.62€, but that 
is not the case* My measuremCTt sJ>ove 1.628, erai the 
three tm-tiiousmdtiis, is imaccept^le. Oft tte lower 
end of the tolerance, a TOWuremoit of 1.6218 is equally 
imacceptable even thou^ it roimds ^ to 1.622. 

DATIMS , 

A datim is a stable feature such as a surface, line, nr 
xpomt-on-a-part, used as a starting pomt for ^^cLfymg &i:ixms^::y£^ 
or for taking measmrOTents. l^hen datums are idintified on - 
blueprint, they are noted mth a capiti^ letter. A, B, 2, >tc. 
Bcamples are: 




The sketch nim^r (3) is the best description of datimi line, 
since it is obvious that dimensions are placed at tiie right side 
and at the top of the part, there is no need to label these datum 
surfaces orpines. ' 
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Both o£ the other sketches (CD and (2)) are common evasples 
of the use o£ letters to identify datims. One nethod in which 
eadi letter is enclosed in a heavy black box and attached to the 
datim. The second method in vAiich arroi« are singly used to 
identify the corresponding datiM surfaces. 

Plane surfaces are corniDnly used as datiflns, as are other 
features, for exanple, a cylindrical surface, a center line, or a 
center plane. Wiatever the datum, it must be identifiable and 
accessible to be useful for measuring. 

TOLERAra BUILDUP ' ' . 

tolerance buildi^ occurs when several dimaisions are placed 
sequentially together, each having specific tolermces, causmg^^ 
the tolerances of eadi to add together resulting m a "buildup, 
■mis is commonly called chain damaisioning and is illustrated in 
the sketdi below as each feature being dln^isloned from a neigh- 
boring feature rather than from a datian. 




X ± . 02 



Tlie location of hole 
left edge of the part, hole 



"a" 



can vary j^. 01 with respect to the 
"b" can vaiy, +.01 with respect to hole 



The location of hole ''d" could vary with respect to the left 
edge of the part and still be in tolerance. The distance that is 
"tolerable" in this case would be +.04. Ibis is because the 
tolerances are additive; If all tolerances between two points m 
a chain of dmensions are stretched to their limits, the location 
of one point with respect to the otiier will vary by the sm of the 
intermediate tolerances. In this case it vas ^,01 1-01 +-01 = 
+.04, the tolerance range of hole "d" with respect to the left 
edge. 

Variations of chain dimensions can be used, such as direct 
measurements from one hole to another (a and d) or change to 
dimensioning by using hole "a" as a datun and locating holes "b 
and "c" as well as "d" by direct dimaisioning from "a . ine 
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dircnsion baWeen "a" and my of the otiier hples is now directly 
controlled ^to a tolerance -of ^,01, Datim diMMioning mimisiLLy 
seen on bluepruits since it controls critical dironsions vdth less 
biiildi5> of tolermces, 

SrUDEOT ACTIVITIES 

1. Sketdi two diagrams rath the follov^g ^mensions: 

+ .005 

1.038 .002 md 3,875 -.010 / 

md determine \^4iich of the followjig is rarrect: 

1,038-1.040 or 3.880 

3.86S 

+ .005 

2. Given a toleranced dmension of 2.150 -.003^ vhidi of 
the following measurenmts are out dftolermce? itaswer 
this qmstion from the follomng choices. 

2. 153 2.105 2.i550 

2.146 2.1494 2.1\551 

^ Refer to the lesson on inteipretation' of Imits for 
direction to the proper response. 

3. Basic drawings (blueprints) should be reviewed by the ^ 
student to seek out the different i^es of datum des= 
criptions . 

4. ^etch several features on a form and place several 
dimensioi^ in a line. Then add the tolerances of these 
many dimaisions to gain confideiice m the proper mettiod 

, of tolerance buildup. 

POSITION TOl^RANCE, COORDINATE TOLERANCING, fim POIAR COORDINATE 

Much of the time that an inspector uses is spent on measuring 
the position of features (ho las, faces i iwtches, etc.) with 
respect to each, other or to a datum. GOTerally, this is necessary 
to ensiMre that the f om does not deviate more '^an a prescribed 
amomt from an established, patt em or geometric shape. 

The inspector mmt therefore be familiar mth positional 
tolerancing and fom toleranctog - what they are said how they are 
noted or specified on a blueprint. 
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POSITIONAL TOI^MO is the allowattl^^ 
-.specifledrposition of a feature in rela^pn to some other feature, 
■j?.or -datim. . ■ 

An example of positional tolerancing is tiie distance that the 
colter of a hole may deviate from an ideal or exact position., 
' This means the actual position of the, center pouit iiMSt fall 
within the pbsitibnal tolermce. Diinfflisions do i»t have to have 
any bearuig whatsoever on the shape or form of the part but pro 
vide position^ toleranc©. , ° 

CCORDI^S-TOISRAIdNG involves tiie use of coordinates to 
position a feature. M example of coordinates is illustrated on 
Mie folliQwing sketch: _ 



Ii2|3|4|5|6|7|8|9| 




STREET 




mDEX 




MAIN --- C6 



^ ^kin street on this sketdi is located at the intersection 
of coordinates "C" and "6". Notice that the coordinates are 
initiated at the left edge and .the top edge. Hiese -are equi^ent 
to the datune of a part sketch. Coordinates also occur at 90, 
degrees or ri^t angles to eadi otiier. 

TWO toleranced dimensions at right angles to ea(A other will 
intersect to give a toleranced position for the feature. 



1 . 33 ■ i 




Toleranced poBltion 
of center of hole 
(exaggerated).' 
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Tl^ exaggerattd dimeisiQnal differences show the effect of 
coordinate tolerahcing on the locaticn of a hple* ^Tte ta^ 
area for the center point is a square,^ .04 by .04. , ^jthe/^w 
exanple^ the tolerance is the same in totii directims giving a 
square tolerance zme. If the tolermce is ^^t^r in one direc- 
tion^ than ,tiie other, the sh^ of tiie tolerance zone wDuld be 
rectmgular* Ihe tolermce zone resulting from two tolermced 
coordinates is alwuys square orrectahgular (^c^t K^m,;d|inim- 
sicms are in polar coordinates). . . 

POm OOORDimTBS 

Polar dimensions (coordinates) consist of a\direction mid a 
distant from a point (or pole) * Tim directionri\ ooordirate is 



given in degrees of rotation aroimd a pole^ and 
a pole is a single linear dimmsion/ 



le distimce fiom 



2. 650±,010 




la the e^caiple of polar coordmates above, 
positicned radially by the mMSuremOTit f rem tiie cmter pqint. The 
. second hole is also positioned by tiie angifllw TOasurCTient foom the 
first hole* \ ^ . > 

Ihe tblerarice zone is viedge shaped, as it is fpr ^1 polar 
codrtoiate tolermces. 
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^ H coordinata tolerates as ^u w^ 

them on a bluaprlht • Flgin^ B is m exaggerated pic^alCof tl^ 
resulting, toierahce zgne4 ^ 

mm KisiTim wimpmim ? ^ : 

Trm position o£ a future Is its basic or tiiwretically 
exact posltiOT. ' - 

The true positim of a hole is ^teradned by basic, udtol- ^ 
eranced dJjnensipnsV . For exai^le* _ 



XX BSC 




Ifewever, as we learned earller.v mtpleranced_dajnmsw 
thenBelves are useless because mmirfacturing and uispection > 
processes always include errors. The problein Is overcdme ty 
adding tolerances to the basic dimaisions as sHovm in tiie following 
sketdi: 



XX i . 01 



■XX.XX*. 01- 



In true position tolerancing , the m^act position o£ tiie 
feattffe is established first, using basic dinfeisiais, and thwi by 
applying tiie; tolerance directly to lie feature. To locate a hple 
within .005 radius of trm position, the sketdi nd^t look li^e: 



-- XX BSC 



.XX BSC 



X. XX-X. XX DIA' 
Locate within 
.005. r of Triie:| 
Position. >?•; 




The first jstatenwit in tte notation. •DC,)dC-X.30C Dik." is 
toleranced hole size. The secoM part o£ tte notation lis the true 
ppsiticm toierk^e. / I . > 

A blu^rlnt can also e^qsress the tr^ position tolerance in 
terms of "difflneter" ratiier than radius. /SUch as; 



"LOGATl AT mm POSITim wnHIN/.OlO DIA," 



True position tolerancdng has been used to locate a, s^tmetrical 



hole pattem 




. XXX=. XXX DIA. 
^ 6 Holes Eq. Sq, 
and Loc. at True 
PoSf Within * 010 Dia, 



'X.XXX BSC 



First notice timt the hole diaineters are toleranced by high- 
low duiei'^ions C*3QQC-,500C DIAO. The six holes are! equally spaced 
(6 holes Eq.^0 witiii cmters located vd'ttiin qircular tolerance 
zines of ,010 diai»ter whose centers are at timB positions (LOC AT 
TRUE POS WITHIN .010 DI^l^ . K 

Other exairples of tolerance zones are: 

The Sqijare Tple ranee Zone 



*. 01 Oh 



TRUE 

position" 



010* 



TO ITERANCE 
. a 



ZONE 



010 



010 



, Point "a" is m acceptable location for the toleranced 
featin^e. Potot ■'b" is also acc^table evai 'diou^ it is located 
in the ejrtreme corner* . Pouit "c" is not acceptable since it is 
located outside the square zone. 
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A true positicm tolerance bf . 014r in the follcfwuig sketdi 
• IwiiLd give a circular tolerance zone into vfliich tiie sqiar© zone 
jwoi^d just fit. , ' , ' 




— .010 



5i 



Hie slmded areas represait the added locatiaris available 
true positions tolerancing. The result is fewer rejections, 
. ^ ■ ■■i'" . " , ' ' 

True position tolerancing, is not used exclusively for loca- , 
ting round features such as holes.. The location of tabs and 'slots 
can also be toleranced in relation to the true position of their 
center planes . 





2 SLOTS 





In these cases J tolerances express the acceptable variation ^ " 

of the center plane to each side of its true position. The state- 
ment will look like this: 

"LOG WITHIN .015 BITHHl SIDE OF TI^ K)S.'' 

Miether tolerancing is to tiie true position of a tole, a tab, 
or any similar feature, the, true position must be established by 
basic dimensions with respect to the datum. ■ • . . , , 
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SY^^BOLS 

PdsitiOTsl mi foxm tolerances are oftw expressed in abbre- 
viated form to sinplify notations on the face of the blu^rint. 
The following block* keyed to a particular hole on the draidng 
means the same as, "liXATE WITHIN .005 r OF TOUE POS IN ffilATION 
TO SUraACE A." 




The first square alimys contains a symbol that iCTresOTts the 
ai^li^)le geometric ^aracterlstics* in tius case,^ ^^^ p mpanihg 
mm Pi^ITION. . . ^ 

Mother conniDn S)mibo is @ . It is used to e^^ress concen- 
tricity. - - 

Concentricity is a randitidn in whi^ two or more stprf^es of 
revolution (cylindars, cones , etc*) have a coranon axis. 




•^e degree to which the axis may deviate from a datum axis is 
the tolerance. As in tiie positionijig of holes,/ or slots ^ tiie 
tolerance is e3q)ressed either by note, or with syirbols, , 

^-'^^ The following synfiol gives a concOTtricity tolerance: 









® 


A ■ 


. . 010 JpIA. 









A third positional tolerancing mcliMes synmetry. . "Hiis is a 
condition in whidi the feature Is distributed syptetrieally on 
botii sides of a central pla^ of datrai. . , , 

Synmetiy tolerance is ei^ressed by a note or by tiie syi^l 
A typical\note might ;pad, ''m*MTRlCPiL WITH DATOM A WTHIN 
*008 TOTAL. " ' "TOMj-* means that tiie stated tolermce is divited 
evenly on botii sides of the datum plane. 




y V Has note COTverts to i ; 



hi:;-. 





B 









. OOa TOTAL. 



Other exanples of synflx)lic es^wssions are: 



005 r 



.010 DIA. 



LOCATE Wmm . DOS RADIUS OF 

mm POSITION 



Cm CBfTR IC TO A,WnHIN .010 

Di^Eraft 



; , ■■■ '-^ 

■ -•■ 

••.•-aj 







B 


A 


. 012 DIA. 



UOCkTB, M mm POSITION MTHIN 
. 102 DIAI^m IN RBIAtl»J TO 
nAUM B AND A " , 











A 


.003 TOTA1, 









SBWEmiCAL WITH A TOMIN . 003 
TOTAL . , . , , 





B 


. 60s DIA. 









TON mNTO IC TO 3 WllHIN .005 



A 



OOSr 



LOCAU WITHIN .005 RADIUS OF 
mm POSITION IN RELATION TO 
DAmi A 



/ 



47 

38 - 



ERIC 



i; Re^ew the following sfcet^ and determine if tiie diiMn-^ 
sions^shovffi pirovide positional tolerances. 

' ^ ■ ' • / ^ 




For direction to the BimmT^ reviw the preceding pages 
on basic tolarancuig beganing mth page 31, 

2. Read a local street map , and mark Uie cpordijiates of your 
hi^ school location I the home, fire station, or o'^er 

. points of toterest. ^ 

3. ^e studmt should .^terndse^tiie shape of the tolerance ' 
. zone for the hole. location m^the follpiraig sketch* 



.X.XX - X.XX DLA, 
Locate within , 005 r 
of True Position, 




4, lifrite the Inteipretation for each of the following true 
positim tolermce symbols on a sheet of paper, tifien 
tum to the text for your ^iswers. 



^1 .OZl DLA. I c. [^B|C|A 1.030 DIA 



I A I , 010 r 



5. Change the follflwing note to the correspOTding syntoolic 
e:xpression* ^ 

"SYM^mi^ WITH MTLM PI^ B WI 
,005 TOTAL." 
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6* Ra>d©w the material to dateibnine if rourtchiess egntTOl 
can be llinited to way certain areas o£^^ a part. ■ ^ 

7 . The st^^rit should reviw angularity requiTOnents and 
mwer ^e foUowuig qiiestioni* 




EEJ — n 



990* . 010- 



790 ± * OlO 



a, Wiat type ol form is being controlled? 

b. iviiat is the total horizontal size tolerance? 

c* ^ What is the total angular to^Muicef i 

d/ What is the appro^djnate nfflCMun distance tiiat the 
angijlar tolerance zone can shift to ri^t or left 
and still TOTun withm tihe llmts of size? 

Simnarlze and evaluate the vwious position tolerancing 
TOthods and telate the wsociated symbols with" each. 
Check these by reviewing a draidng from an industrial 
maai^actured part. ■ 



FORM TOI^ANCING 
sudi 



Form toiermcing controls the conditions o£ simpe or fom, 

as: ' ^" . ' ' - ■ ' ' ■ ^ . ' ' ^ ■ r 



Stral^toess 
Flatness 
Roundness 
Qriindricity 



Runout 



Profile 
Angiiarity 
Parallelism 
Peipmdicularity 



Straightaess - the syntool for straightaess is 
drawing that specifies this symbol is as follows: 



A' 



005 



0^ 



735— . 750 DIA. 
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In note fom, tolerance above vrould read, "STOAiafT 

wiraiN •oos^mL." ^ , : ; 

FlattiSss - thevsyji^l for flatoess is " O^*, A drawing -ttiat 
specified this ^^attiess sY^l is M f oIIots r , 



In note foraiy the toleri^ce above wuld read, FLAT WITOIN 
.008 TOTAL." 

^ ; V - ' . ^ \ . ■ 
M.S flatoess tolerance meate that all ppints on tiie 'swface 
being controlled must be bew^en two parallel planes i^aced 
at .008 apart. 

Roimdhess ^ ^e control of roundness is siniilar td strai^t-^ 
ness except that two cqncentrlc circles foiin: tiie boimdarles 
rather than two parallel lines. 

The spnbol for roimiiess is "O""* 

Rouniiess is controllied by tolerancing any xoimd section from 
.a cylijider, a cone, or a sphere. ' i ' 





CYL.INDER 



The tolerance callout appears' as follows; 




SPHERE 




OR m NOTE FORM 



ROUND WITHIN 
. 005 ON r 



The, term "ON r " in the note means that two concentric circles 
will have a radius difference equal to the stated tolerance. 



(^Ilndricity - the synibol for cylindricity is -y^^'. An^ 
exanple of a cto^awing iUustratioh is ms follows: 



^CYLrmaDRlCAL, WITHEN 
.010 ON I* 



This means tiiat the. cyluidrical surface must be be Ween two 
concentric cylinders ^ one having a radius *010 larger than 
the otiier. \ . - 



Profile - Profile tolermcmg involves either a line or a 
surface, , 




Usijig the part shown^ for exan^le^ eitter tiie mtire surface 
between "A" and "B'' can be toleranced^ or a line betotfeen "A" 
antf -'B" formed by a parallel section throu^ the part can be 
toleranced, ^ ^ 

A. prof lie inay, consist of one or irore radius cOTvaSt stral^t 
li^es^ angles^ and iri^gi:iar curves, ^erefore^ pTpfile 
tolerances control bo'^ sJmpe and size. 

Profile symbols are: " for a' line / 

= * for a surface. 



Examplas are: 

ALL AROUND 



. 010 



BBTWEEN A & B 



BETWEEN A & B 





.010 






.010 




B 



Angulaxity' - A £om of tole^oiiciig requires, a ^tm 
plme or axis to^ be fipecified from ^ich the raglfe is n^sured, 
llie symtol for is In ti^ exaiple: * 



^|a|.012] 




ANGULAR TOL. 
/012 TOTAL 
SURFACE A 



OB. 




Ihis ahgidari^ tolerance iv^ai :i that the atlgular swface imist 
be between two parallel plawK j *012 gp^ j and an^ed at 25 
degrees to datiro surface A. , . ^ ^ 

Parallelism - Ihe^^^mdition 5: i4iidi all parts of a Itoe or 
sto'face are the saine distanc a from a dattm axis or plane;, It 
is controlled by the assip^^ a; pf a tolerance 
the distOTtoe f rOTi I3ie datu'^ 

The syntool for parallelism is * ^- or "/ 

An exanple drawtag is: 







A 


• 002 


\ 




^e exMple drawing specifies that all points on the qpper 
surface must be between planes that are *b02 apart and 
are parallel to siarface A, ' / r , 

In the ^sence of a more restrictive flLatoess tolerance ^ a 
parallelism tolerance also controls flatiiess*^ . 

Peipendicularity. - is always specified ajivrelatiori to a 
datun. It is the condition in vAiich a surface , line^ or axis 
is at right angles (90 degrees) to the referOTice feature, 

The syniol of peipmdicularity is " j 
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Exanplis 1 and 2 of peri^ndicijilarity illi^tration are: 




OR 



PEEP* TO SURr. A 
WITHIN . 002 TOTAli' 




fica^le 1 means that all points on the controlled surfaca 
must be between tw planes , ,002 apart , ttat are pe^ndi- 
cular to surface A, 

In - . - ^ ; , 

Exanple 2 illustrates peiprndlcular tolerancing of the exis 
of a holet m relation to a surface. M.s means that tiie axis 
of the hold miit be located witiiin a c/lindrical zone, *005 
in diainet^rV Sat is perpendlciiar to surface A. 

^ Rtmout - A tolferance that controls the relationship of, two or 

more features, that have i a -common axis* The syiiibol for 
^ rmoirt is, 

\ The runout tolerance notation, on a bli^prtot will: identify, 
■ . the datun axis: about i^idi additional features are^ con- 
\ trolled* M exanpl^ to illustrate this is: 



2; 



A. 002 




-A. 001 




\ 



\ 



When mounted ©a Datums 
B and C Designated 
Surfaces must be within 
Total Runout (FIR) 
Spacifled by ^A,^ 



The initials "FIR" are iBually i^ed i^en specifying a iroout 
tolermce in note fom* It TOansJ'fiil ui^cator reading J' 
Mien ^^^1R" is used, it mems "total indicator reatog," If 
sj^ols are i^ed in lieu of the note in the exanple above it 
would a]^ear as follows: . 
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ThB ,Tim syntoi is the ieast desctiptiw of its fimction, 
althou^ it ^es suggest^ the cohtact point of an indicator 
gauge, the type of equipmmt lased to TOasure nmoutt 

STODENT ACTIVITIES . ^ ■ 

1,' Cbtaiji a blueprint from a conpany or local comwrcial 
mmiufacturmg f iCTi that prod^es metal products 
Identify tM various form tolarmces md mark ttiem. 
Check yoi^ resid^ts with tiie Ipsson on .foim tolerancing 
in the resource guide* 

' 2., Practice the different sptool of form tplerances on 

sketches of an objTOt in^your home. . , 

3. Enroll in a blueprint reading or a redianical drawmg 
course to get practice in using the different form 
toleraaice methods. ^ 

4* Visit the . metal shop In your Mgh sch 

teacher to illi^trate tiie various retiio^ of foiro on 

■ item in the shop. Perhaps you may enroll iji a class ,t6 
practice making the differOTt forms. 

SURFACE TBCIURE ' 

Surface rou^ness plays an inportmt part in any ^seiflbly. 
idiere friction md sliding ability are involved. The surface 
finish or texture q£ a part^may be specified on the blueprint for 
any one of a nurie^ of teasoM. Close tolermce co^dnents = 
require close control of suorfaqe finish; surfaces subject to 
friction also require special attention. Even appearance is 
affected by surface texture and ^ere ap^arance is iji^rtijit, 
the texturte is specified. 

1. Surface rouglmess - is surface irregularities in a con- 
sistent patterii prodiiced by machuiing or/ procM 
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]^artirres from the i^al STOOth surface are; 

Roii^mess - fajiely spaced storface irrepiarities in a 
consistOTt pattem produced by madiiJiuig or processing. 

Wavlness - an Irre^ilar swface condition of greater . 
spacing tiian rou^mess. ' ^ 

Flaws - irregularities that do not appear in a consls- 
tOTt pattern. 

Lay - a predominant direction of surface pattem. 

The following sketch is presented to illustrate the 
departures from the ideal smootii surface: 



FLAW 



ROUGHNESS 
HEIGHT 




J^Y DIRECTION 



ROUGHNESS 
^ WIDTH 

Soto exanples of surface texture produced by various 
production processes md machines are as follows in 
exaggerated £om: ' 



jLwAVmESS 
^HEIGHT 



Lathe madiining - produces a 
crystalline surface that has^ 
pedes and deep valleys. 




Honing - produces fine 
scratches * 




Lapping = leaves minute 
scratdies finer tten 
honing. 




Gauge block - surfaces 
have very shallow scratche 




Buffing - produces heat to bring about ^*plastic fllow" md 
aids reflectivity but reduces quality of surface flataess. 

Texture is i^ed to reduce friction and reduce wear for tiie 
following reasons: 

A surface too rough causes excessive war* 

A surface too sirooth will not allow lubricant retention, 

. A surface too smooth is a pooT coiT|iliji^nt in ntetrolo^, 

NOTl: A buffed or polished surface may have good reflective 
qimlities but does not have a good surface finish, 

3, Surface texture (finish) syntools are listed and illus- 
trated below: 



\ 



'J 

V 



ShoMi on drawings to indicate a surface to be 
machined to the rou^iness height stated in the 
blueprint finish block. 

RDu^mess Height Rating - ITie surface rou^mess 
hei^ti e^^ressed by a ntmerlcal ratings placed 
adjacent to^ md at the left of the long leg as 
shown. The specification of one nunier Indicates 
the maxijnian peimssable sustained rou^toess height 
rating. Any lesser rating is acceptable. 
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63 , MaxijiMn and Minimimi Ratings - M^iraiM md ndmnMn 
32 / rou^mess hei^t ratings shall mdicate peimssable 
y range, /nie m^lmun rating shall be placed above 
the mtolimm as shOMi. . - 

. 002 Waviness Ffei^t - IRie waviness hei^t valu^j :m 
indies p is placed above extOTSion line as shorn. 



/ Yhm value Indicates i^dmiM allo\^?iable wa^dness 
V hel^t. 

Other syn^ols for 1^ ^Te: 





- Lay 


is 


peipehdlcular . 


/ II 


- Lay 


is 


parallel . 


yx 


= Lay 


is 


angular in both direc 




= Lay 


is 


multidirectional 


/c 


- Lay 


is 


circular. 


v/T 


- Lay 


is 


approximately radial. 



NOTB- One final point regarding surface synfcols is vAien only 
roughness height is specif led, the syiribol is dften ^bre- 
viated to a sinple dieck mark such as 32 ^ . 

This sinplifled syn^l TOans that there is no requireTOiit to 
limit waviness. It will be nec^saryi h6\^tever, to ^teitmne 
lay either visually or by some.fj^erinBntai means ^ and to 
establish a roughriess widl^i cutoff value to set on the 
measuring equipmnt, usually the standard value, (^030), 

In TOst cases, when all surfaces of a part haw tiim same 
surface rou^mess and wavmess requiranents ^ the finish 
symbol appears only ih: the finish block of tte bli^pruit* In 
cases of v^Tytaig surface roughness and waviness, tiie mpst 
predominant surface requirement appears in tihe finish block 
of the blueprint* In cases of varying surface rou^mess and 
waviness, the most predominMit surface requirement appears in 
the finish block\of the blu^riht with the exceptions being 
shown by placing the finish s>T!fcol on the exception surface 
or by placing the finish symbol on m extmsion line from the 
surface to \rfiidi it applies. 



hi ■ ' 

\ 

- 48 " '\ 



A typical drawing illustration depicting drawing symbols for 
siffface texture Is as follovs: 



^ —WAVINESS HEIGHT 

ROUGHNESS '-HES 

HEIGHT -— ^ 50 / 

(MICRO-mCHES) ^ ~ 



1. 005^ ROUGHNESS WIDTH 



//////////// 



DIRECTION OF LAY 



Surface finish is specified by lAe Arithiretical Average 
(AA) whldi daii^tes the distance beWeen tiie mean line 
and the crest or peaks as illustrated below: 

r 

* —y< — CREST (PEAK) 




^ ^ MEAN LINE 



Surface finish is measured in microlndies and is 
ei^ressed as 0.000001 inch or 1 x 10 - 6th power. 

Precautions: Before determining surface texture measuring 
methods, the texture parameters or needs must be con- 
sidered. These are: 

The average range of departures from the average of 
the high and low points of the surface. 

The height of the most protruding element (peaks) 
of the surface and the frequency of occurrence. 

The interrelations between the waves and the rough- 
ness departures from the ^eoretical surface. 

The pattern of the surface and its orientation. 

The cross-sectional form of the repetitive fom 
irregularities* 

The presence of random discontinuities. 

58 
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SoniB ConTOon fteasurOTient Methods - 



A, Tactual Surface TeKture Scales (Si^t md feel) - 

Is evaluatijig rou^mess by sight or f mgertlp 
- by using a scale with sOTples of coiiparable pattern. 

B, Electro=Mechanlcal Stylus - A needlet)^*© in^trtront 
(Styliis) is riHDved along "ttie selected surface 
elantent. The stylus is comiected wi^ a picl^ 
whidi is inaijiitatoed m a controlled level, yet 

. r^nnits the styli^ to follow the surface COTtqur. 

Mediaiiical deflections are converted to electronic 
sipials which are aj^llfied and displayed on a 
meter or dmrt. T^es armi 

' PlckLp head with skid or shoe for average rou^iness 

indications. 

Pick^ head with si^ort roll to indicate average 
deviations from envelqp si^face. 

Skidless picl^ head extrmeously s^sported for 
average indications iii restricted areas. ^ 

Datum si^ported picWp head for recorded indica^^ 
tions of the entire surfatfb texture * 

C, (^t leal Systems » C^ti^l co^arators are used to ^ 
visu€Llly determtoe rouglmess on an- OTlarged scaled 
screen* 

To summarize the TOthoi^ of surface texture^iteasurementj the 
following table is presented for clarity* 



METHOD 


EQUIPMENT USED 


REMARKS 


I. Vliu«l or Ustile 




By af9 Pr 1*91 {tsuEhli 


2. Vliual with s 
mierssEppB. 


Misrptepps with iwp 
>t»gel. 






St^lu! mea.yriDg initry- 
RiBBt with iLV5fegin| 


Mpit wldnly uisd msthPd. 


4. Surf^EB profile lr&e« 
ifig with rEesrdisg, 


PrPflls traelsg InitFymenI 
with AinpUCiBr. 


Giyai msfD^ detail th&A & 
■ Iqgis Avsrmim^ 


f. VIswing iindar 


Regular light mieroBePpei 


V/h<ire itylu» it BPl 




Light le^tipii miEfQtetfp^i 


Wher« itylui li not 

pfBEtiCAL 


7. InlerfeFSmetl'is 
meaiuremenl!. 


ftafiBeUd Ughl IntfiF' 


WhBF# Knd wh«n equip- 
mint it symilsbls. 


S. Eleetren 


Elsetrpn fTiieFSlcppB^ 


FPr mingle ^st&ii^ 
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STUDEm^ ACTIVITIES \ ' 

1. Mswer the following questions: 

(a) WaSit occurs when a surface is too rou^? Tto 
smooth? 

Cb)' Miat is tiia imt o£ Masure for surface texture? 
(c) Miat Is the actual measurement method? 

2. Review a textbook on different finishes available m the 
sdiool library. 

3. Visit the TOtal shop m yottf . sdiool or perhaps enroll to 
a coOTse that is ai^lable to get flrstl^d si^t and 
feel of different Mtal fijilshes, ■ ^ 

/4. Ask the TOtal shop teadier to demonstrate the different 
types of fmlshes obtaijied by lathe work ^ grmding, 
honing J buf fing, . ^ 

5. Perhaps the TOtal shop is s\^lied with surface texture 
feeler gages . If one Is avali^le practice dieckuig 
finishes by using the gage and coinparing a madiiJied 
part, ^ 

6. Visit a local nmchlne shop where finished metals require 
surface finish control* Ask for deTOnstratiorte of the 
different equlpmmt that Is used to measure surface 
roughness, 

7. ^ a practical exercise, after stUi^iiig the surface 
finish lesson, try to conplete Him following table md 
si5)ply the missing values: 





HEIGHT ' 


HEiaHT 


WIDTH 


WIDTH CUTOFF 


LAY 






1 








BO 1 - 
























. DDI 













STUDENT NOra : See the next page for answers after you have 
e^austed your efforts. 
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ANSWERS TO ACTrviTY EffiRCISE #7 





ROUNDNESS 
HEIGHT 


WAVINESS 
HEIGHT 


WAVmESS 
WIDTH 


ROUGHNESS 
WIDTH 
CUTOFF 


LAY 


V 


0005-. 50 
. 010 

II 


Millionths 
1 

40 


. 0005 


. 50 


.010 


Parallel 


80 
b) 160 


.003 

V i 


160 Max. 


. 003 


iH Ot 

Specified 


. 030 
(Understood) 


Pa rpen- 
dicalar 




. 002-1 
' . 100 


25 


.002 


1 


. 100 


Perpen- 
dicular 


d) 250^ 


. 005 
/ .030 


250 


. 005 


> Not 
Specified 


. 030 


Circulai 
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MEOIANICAL hEASURB^Tr 



SCAI^ INSTOUkEWS AM) MX:ESS0RIES 

The hand measuaring devices i^ed in madimed parts Inspection 
ijicliide both precision and nonpreclsion mstnments* Prccision 
instTtmerits nean measuring devices that have the accuimq^ and 
sensitivity to ^asure diniOTslons to thousandths and tenths of 
. thousandths of im inch and hundred^ and thousandtiis of a milli- 
mater* Ito^reclsion instrtmfmts mean ^vices in ^idi the accu-- 
racy of TOasin^em^t largely Spends on the ability to line md 
read the graduations of a scale* ^ 

SMLE VS, RULE . ' 

A scale is a ireasuring .device \diich is gradated for the 
pu^ose of increasmg or decreasing tiie size of an object on a 
drawing. It is also used as a descriptive term such as "the ruler 
has a scale of»,," or "that vernier scale,,." 

A rule is a measurmg device vfliich is graimted In f^l —- 
scale, whatever that particular scale my be. The illustrations 
shown below are good exanples of the basic differOTces between tiie 
scale OTd the mle. , ^ 




T — \ — ^ — TT 



SCALE 



THE STEEL RULE 



One of the sinp lest and nwst widely used hand measuring 
devices is the line -graduated steel rule - sometimes erroneously , 
called a scale. JSasically, the steel nile is a narrow strip of 
steel with one or more scales graduated in fractional or decijnal 
inches, or centimeters. It is read by direct comparison of the 
graiiations with an edge or surface. As will be seen later, there 
are many types ajid sizes of steel rules. Lengtiis vaiy f rom a ^ 
fraction of m inch to several feet. Some have a fixed or slidiJig 
hook on one end to facilitate aligranent of the starting point of 
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the rule with an edge. The short rules usually Include a renovable 
clmping shaft or holder to facilitate handling. So^ steel rules 
ha^ fractional inch scales on one side md decimal or netric 
scales on the other* Likevdses some Ymm conversion diarts 
engraved on the rewrse side. The inost popular njlm - possibly 
becai^e it's easily carried in a pocket - is the stmidard six-indi 
machinist's steel rule. ^ 

&3nte typp-cal ©xairples of steel r^es are shOMi: 



MM 


,.1.4. 




STANDARD ^01^613' HULE 


L^l f 1 


I 

.1.1 


^ ^ ■ 1 


St^Wd HOOK 


HARROW RULE 


;|® 

1 - 


tM 
l.hh 


1 

hltiihi 


l'ii|»lM')'|'^'Hi»|Mi|^r|MJiiii 

^ 3 4 5 3j 
fL!.lH.l.liI.I,!i!.lH.l.hhiJ.l.lH.lihhrJ.I,iJ,L!,Nhi.i.l.h1 


u 




HOOK RULE 


C' 1 ' 1 ' 1 ' 





JILLET ROLE 



MS2 



E 



m 

SHORT Ryo:i wmi hqldbr an 



'Ml r I I r< 
' ' ' * ^ ii 



13 4 5 

.1- I I I 



kci:tric rule 



QIM RULE 



Wiile considering the differmt steel rules ^ it should be 
remen^ered that fractional inch scales foimd on steel roles are 
usually graduated in 8ths, 16ths, SZnds, and 64ths o£ m indi. 
Decimal inch scales are available m lOths and either SOths or 
lOOths of an inch* The TOtric scales are divided into centi- 
meters, milliineters and half millireters, 

SELECTING A STEEL RULE - 



In choosing a steel tiale for accomplishing a particular 
measurement, first select a rule with scales thiit agree m.th the 
part or object to be measixred* 'Hiat is, use fractional inch 
scales in TOasuring fractional inch party . leciinal inch scales for 
decimal parts, and metric scales for metj parts. 



— r — I — t I I I I 

4 8 12 I 20 24 28 
3 ENDS 16 
64THS 32 

8 16 24 I 40 48 56 
t I 1 "i t r» I i ! i n I i 



FRACTIONAL INCH 
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i.l 1 1 1 1 1 1 1 1 

ibTHS 5 . 1 

I i I I 1 1 I 1 I 



i t t \\i i III 



mm j 



DECIMAL INCH 

1 1 . ■ ^ 




METRIC 

Of the three rules Illustrated abpve, as an ©xan^lej deter 
mine i-^hich rule TOuld be used to measure a dimension o£ 44/64 



It should be obvioi^ that the nile cent amuig tiie fractional 
Inch scales is the correct choice since tiie du»nsion given Is m 
fractional indies. 

It should also be realized that in selecting a rule ^ .no steel 
rule - or any other line- graduated Masuring device for that 
matter - is capable of controlling the accinracy of TOasureitent to 
a degree finer than that of the finest graduation on its scale. 
This is called "discrimijiatioiu " 



•.'4' ''I' I'lW 



16THS 8 
32NDS 



If J for exanple^ the finest graduation on the rule. is. 1/32 
inch J the diTOnsion to be measured must be in terms of mits not 
smaller than 32nds of an inch. A dimension in 64tJis would fall 
between graduations and widd have to be made or an interpolation 
made to get the actual dmens ion. For reliable readings^ scale - 
discrimination must be such tiiat gmssing or Interpolation is held 
^to a minlmim. 

Vfliidi of the following scales provides the finer discri- 
mination? 



I I I L I 

' I ^ ' S ^ £ 2 T I 
lOTHS 

50THS ^ 

50 I I I 5 6 7 8 9 1 

lit JtXl.l.Lii till tilt tiliii iliii ililii-iltilJxUll 



DECIMAL mCHES 

You should realize that the SOths (.02 inch) scale would 
provide the finer discrimination. 
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The nmxt consideration is to select t^e appTOpriate type or 
size of steel nie. If the dijraision lies m a recess or craved 
area lAere space does not allow the use of regi^ar size riiles, a , 
short rule niust be used* If the n^asurerent involves a fillet ^ a 
fillet rule is required, A narrow nde may be required in ir^surin] 
the depth of a narrow slot. Steel rules or excessive length also 
can be a factor in that they become tniwieldly in TOasuring snail 
objects md short ^stances, m^ing it difficult to obtain a 
reliable measurenent. 

In other words ^ select the rule that rail best do the job. 
Ihe primiy considerations in selecting a steel rule are the 
physical characteristics md the size or dimaisions of the object 
to be ineMured, Convenience md adaptability are secondaiy. 



IffiASURING mm A STEEL RIO i 

^ ' ^ ^ \ " ' ' 

All linear rteasLffements, md that mcludes nteasurmg with a 

steel rule ^ are basically point -to-p»mt iwasurements involving a 

"reference point" and a 'Measured point*" The ^"points" in tum 

may be true points , a pair of lines or edges ^ two sides ^ or two 

planes, i . 



4- 



REFERENCE 
POINT 



Lmm OF MEASUREMENT 



MEASURED 



In TOasicring with a steel rule, the rule is generally held or 
supported so that scale graduations rest on the line of measure^ , 
ment, rath the staining point of the rule aligned ratih the refer- 
ssnce point. The nreasured point is then read directly from the 
scale, 

\Hiould the measured pouit not coincide with a rule gradim- 
tion, the txilm is turiied to a successively finer scale imtil the 
measured point does coincide with a graduation, or imtil the 
required discrimination or the finest scale is reached. 
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In neasuruig with a steel nie, it is the measured point that 
is read to the nearest graduation, 

SOURCTS OF mOR 

Now that we have an idea of how steel rules are lased, look at 
some possible sources o£ error in using a steel rule and how they 
can be avoided, Sioim below are some exa^les of ^at mi^t be 
encoimtered in alipiing a steel rule with a referoice ^tot. 



1 



Both rule md part are 
roimded inking alipi" 
ment veiy difficult 




Rule has sharp comer 
but part is roimded- 




Surfaces making up refer- 
ence point are not square 




As probably noted ^ usijig the end of a mLe to est^lish the 
starting point is to invite error. Not only may the corners of 
the rule be worn or roimded - a fact easily confiirod by exand- 
nation under a magnifying glass - the edge or surface of the, part 
coinciding with the reference point may not be shai^ or square. 
A mudi TOre reliable method is to butt the part md rule against a 
butt plate, Imee or similar flat surface. Another is to use a 
hook nde or hook attactonent to establish a finn reference point , 
or use a scale graduation md ignoro the end of the rule 
altogether* 
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llierefore, to get sm^ degree o£ accuracy in perforndng 
measOTei^t, the steel rtile wmt be pToperly alipied with the 
reference pouit and the TOasurements should always bo read to the 
center of graduations* . ^ ^ 

A sipiificant factor to remen^r when reading a rule or scale 
IS the degree a mit of laigth is siAdivided, "Diis is called 
discrimination. It is ;also the finest division ttat can be read 
reliably. 

Another form of obserrational error that nti^t be known is 
'parallax error' the apparent shifting of a measureinent. when 
viewed from different directions. Parallax occurs ^en the 
i^gradjations __o .onJthe.._line_Qf_ 
n^asurement. 

To avoid parall^^ the head mmt be positioned so that line 
of si|^t is peipendiciLlar to the luie of nreasurement . 



45 (EYE) 




Avoiding manipulative or imiual error is also ii^portant. 
This is the error that generally results fTOm using too little or 
too; much force and bending or cocking the ri^e. It is the error 
that results from inproper handling of the part md rule* The 
riSne of-the^gaTO is ta let the rule do the work. 



67 



- 58 - 



nffi RULB mmm be positioned on Tm line of MEAamH^r and mu) 

LIQHTLY BUT FimY. 



DO 



APPLY LIGHT FORCE IN 
DIRECTION OF ARROWS 



DQN^T 



BEND OR CRAMP RULE 




USE AN AUXILIARY SUPPORT COCK RULE 



WHEN NECESSARY 

Visual bias is another som^ca of error and is caused by 
imQDnsciOL^ influencing a measuiement. An example is when mea- 
suring the diMeter of a hole, Wie bli^print calls for 2 1/4 
indies. The mLe is positioned over ^e hole md moved back and 
forth slightly^ using the reference point as the pivot tntil the 
longesf diiTtension, the measured pointy can tie read at the opposite 
side of the hole* 

It is obviously easier to read 2 1/4 indies 2 15/64 or 2 

17/64, particiaarly when 2 1/4 indies is the dijiienslon we want * 
So mless some conscious effort is made .we tend to read the easier 
diipension* Add to this tiie fact tha'c part and rvlm dre sifl)ject to 
slip when TOving the eye from the refermce point to the measured 
point, particularly when both tlie part and rule are held by hand, 
and we have still another source of possible error. 

It is well to remen^r that r^etitlon is the test of an 
accurate measurement. If a part is .measured several times m the 
same loca:tion and differcmt readdjigs are made, then the measure- 
ments are not being taken accurately. 

Lack of repetition is a reliable ijidicator that something is 
wrong* Either the. procedures ar,e at fault or the measuring ^vice 
Itself is defective, A fr^i^nt source of error is a bent^ loose, 
or worn rule hook, 
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In sirnna^y, there are, several sources o£ etror vAien using a 
rtde or scale- Ihfe most conmon were reviewed fir s^^^ art^are-- 
ness.. They are: / 1 

Inproper Mlgnmerft ^ Parallax \ 

^Discrimiriation Manipulative or Mmual 

Visual Bias - | 

ACCESSORIES AND USES 

"mere aw a nimtoer_q£' aeGessorles other t^^^ 
r niiit that 'ire usirwit^^ of these are listed witH 

their use in applications: ; 

Key seat clanps - for alipiing a rule with the ixis of a 
cylinder. , 

Parallel clairps - for clanfiing two or roDm rules together. 

Right angle clanps - for clairplng two or nwre rwaes together. 

Square heads - for measuring and scribing lines normal to a 
straight edge. „ 

Center heads - for measuring and scribing lines through the 

center of a circiJ.ar surface. 

T ' ' ■ ■ ■ _ . 

Protractor heads - for measuring angles. 

Contoination square - consists of a steel rule or blade with a 
sliding square head and scriber. 

" Coniination set - the saro. as the conlbination square but has 
included a ce^ter head and a protractor head. 

The combination set is probably the most useful of the steel 
rule variations. It can be used to check squareness aid plim* rs 
well as measure hei^t and deptii. It can be used to lay out 45- 
and 90- degre4 angles. By adding a right angle clanp and another 
steel rule, it can often be used to measure an otherwise inacces- 
sible point. Substituting the center head in place of i the square 
head it can be used to fmd the center-of a shaft, etc., or to 
speed measurement of diameters. Substituting the protractor head 
provides a convenient neans for checking angles. 

In using i-ule accessories and attadiments, keep in mind that 
none "s^hem change the basic principles of the steel rule. They 
merelya^ convenience or extend the rule' s range of application 
to jobs vdiich otherwise could not be perfomed with rides. I^ey 
make rule measurement easier which in turn generally mcreases the 
reliability o£ measurenffints. ■ '-^ 

- 60 - , , 
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DEPIHGAUGE 



TMs popiilar variatiori of the steel rule is the simple d^th 
gauge consisting of a T-head or stock, a screw clmp, and a 
sliding rod or narrow flat rule. Ihe sliding rods may be plain or 
gradmted. Soto versions of the depth gauge use hooked rules fcr 
measuring the depth of through holes. Some have heads v^iOi pivot 
with respect to their rules. 

Tq me the depth gauge, the gwige head is held against tiie ' 
„™S5PM?® .sojthflt^is spa^^ 

be meas^a. The sliding rule or rod is pushed into the hole 
until it bottoms , and the screw clanp ti^taied. Hie gauge is 
thai withdrawn and the nile's scale read. Mien plain rods are 
used, the length of the rod protrtMlng fromj the head is neasured 
with a s^arate rule. , 



Tim 



L MBASURING T^E 



Ihe steel measuring tape is an extension of the steel rule 
consisting of a narrow and fairly flexible strip of tendered 
steel, marked off to e^tiier inches or centimeters, and housed in 
protective case. Ihe tape is extai^d pulling on the end of 
the tape and retracted using a small cranfcjon the side of the 
case. The pocket sizes generally include a spring- drlvai retrac- 
tion mechanism which retracts the tape vAien a small button is 
pushed. 




STEEL. MEASURLNG TAPE 



Steel measuring tapes are available in 2S, SO, 75, and 100 
foot lengths. The pocket tapes con» in 6 and 8 foot lengths, 
althou^ other lengths are not mcommon. Graduations are usually 
in 8ths of an inch for the standard tapes and in 16ths of ah indi 
for the pocket tapes. 
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The same basic principles o£ measuremait vfliich ^ly_to steel 
rules also apply to steel ireasuriJig tapes. Like the steel rule, 
the start o£ the tape is, carefully alipied with tJie reference . 
Boint . The tape is stretdied along the line of measuranent and 
the measured point Is read directly from the tape. In usmg steel 
measuring tapes, however, particular attention nwst he paid to 
simportlng the tape and applying the proper tension. Thm tape 
mSt be held sv&stantlally flat and not be allowed to sag. 
^plied tension should be nnderate (10 poimds) . 

It should also be remembered that steel raeasuring tapes are_ 
sensitive to variations in antoient ten^ratures. This means that 
\*en measuring with steel tapes, consideration must be given to 
contraction md ejqjmsion of the tape. 

SBCPUS CALIPERS 

In using steel rules the position of the ireasured point or 
edge in relation to scale graduations is judged by sight. Fre- 
quently, however, two contact points are necessary to measure a 
dimension nore accurately or to readi surfaces or features other- 
wise Inaccessible. This is where calipers come into the picture. 

' Calipers are instnmffints that physically di^llcate the sepa- 
ration between two points. The sinpler fonns, of whach we are 
concerned with here, consist of two legs or pomts which ^n be 
adiusted to- duplicate any- dunens ion withinTtheir rm^ mey 
require 'the use of a separate scale to read the measuronent. 
Below are some exanples . - 







DIVIDER 



OUTSIDE 
CALIPER 



INSIDE 
CALIPER 



HERMAPHRODITE 
CALIPER 



' The divider is used to scribe arcs, radii and circles, and to 
lay out distances set from a rule. It also can be used to transfer 
distances for measuring with a rule. In transferring a measure- 
ment from a part to the scale on a rule, the customary procedure 
is to locate one point on the reference point, then turn the 
adjusting nut so that the other point falls exactly on the measured 
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point. Mien pr^erly^set, there should- be no pr^ure tenduig to 
sprjmg the points either in or out* 

ADJUSTING NUT 
(HELD BETWEEN 
THUMB AND 
FOREFmGER) 




MEASURED 
POINT 

r ^ REFERENCE POINT 

The divider is than pliced 6n a niLa witti one pouit m one^ 
the graduations and the scale Is read at the other point^j^^ffiMi 
below. ■ 




Inside and outside qalipers\p8rform the same general fimction 
as the diyider in. transfer ring measurements except one is used to 
ireasure inside surfaces md tiie other ireasures outside surfaces. 






The caliper is first set to the opening or feature of the 
part, fee S^irat ion is tlMn transferred to a In 
reading the inside caliper, the rule and one leg of tiie caliper 
are generallyv butted against a flat surface to provide a stable 
reference point (below rl^t) . 





In reading the outside caliper, one leg is positioned in 
contact with the end of the rule Cabdye left). 

'Aro inportant factors in taMng measurements with inside md 
outside cmlipers are caliper alipmmt and tiie gauging pressure or 
force used. In taking measuranaits, one leg or point should be 
set as the reference point and the caliper then rocked and adjusted 
imtil correct nBasurement is obtained. 

The correct ri»asurement is obtained by the "feel" of tiie 
force exerted on the part as the caliper moves over center^ Since 
only a sli^t force is necessaiy to spring the caliper legs, the 
lifter the "feel" is kept the more reliable the measureiient. 

SLlDE CALIPERS 

The slide caliper is actually another variation of the steel 
rule with one fixed jaw and one sliding jaw to pemit direct 
reading of measurements. It con»s-.in a nimter of sizes with 
fractional Indi, decimal indi, or metric scales. It comes 
equipped with a slide lock for locking the jaws in any desired 
positicm. It includes a 'Wb" oh tiie tip of eadi jaw to peimt 
the taking of inside measurements. 




STOCK 




iUTSIDE 

ASUREMENT 



SLIDE 



SLIDE CALIPER 
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INSIDE 

MEASUREMENT 



ERIC 



Wien tha jaws are brought in contact with surfaces batog 
measwed, the distance between them my be read fvom the sile. 



M advantage in ming a slide caliper oTOr the steel rtae is 
that . the slide caliper provides positive contact between ^ tostru- 
TOnt and the reference and measured pomts* / 



BEAM rmmis : . ' 

/^e beMi tranmiel is si^ly a di^dder with extended rmge. 
consists of a tod or bem to }Addi trams my clOTped. Ih^ 
trams in turn car^ chucte for inserting divider points^ or 
caliper points* Its i^e is confaned diiefly to TOasureMnts 
beyond the rmge of dividers md calipers. ^ 

Below you will notice one of the trams is quipped with an 
adjusting screw to provide fine adjustonents. 



It 



TRAM 




ADJUSTING 
„ SCREW 



O ' 

BEAM TRAMMELr AND ATTACHMENTS 

A sunffnaxy of ;^at has teen presented in this diapter is as 
follows: 



1. A "scale" is a grafted surface for decreasing or 
increasing a imit of length, 

2. The "rule" is a direct measuring device gradmted in 
actual imits in length. It my cainy fractional indi, 
decijnal inch ^ or metric scales. 

3. The scaler used should agree with the dironsioning of 
the part or object to be measured. That is, use frac- 
tional inch scales for franctional inch parts, decimal 
indi scales for decimal inch parts, and mstric scales 
for metric parts , ' - - ^ \" 

4. "Reference point" is the tem i^ed to identify the start 
df a neasurement. 
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5. •'Measured point" , ld«iti£i,es tiie md of a measuremwit. 

6. The "line of measuremoit" is a straight line drawn 
between md and intersecting the referaice. point and 
measured point. v 

7. "Discrimdjiation" refers to the degree a scale siAdivides 
. ' a tnit of length. It is also the finest division tiiat 

can be read reiiably. 

'8. Rules are read to the cmter of graduations. 

9. The measured point is read to the '•nearest graduation, 

10. To use the end of a rule to alipi rule with reference 
point is to invite error. 

11. "Parallax error" is the a^arent shifting of a.TOasure- 
iront when viewed from different directions. 

12. 'mnipidative or manual erTor" is the arpr tiiat resets 
from using too little oj^ too much force and not posi- 
tioning the rule properly. 

13. 'Visual bias" is the mconsciom mflTOncing of a 
nieasurement. 

14;. The SBTO basic principles of nreasureiwnt lAiich apply to 
steel rules apply to all the scaled mstrmmits and 
ttieir accessories, 

15, Instnnrents are selected pn the basis of whidi one vail 
best do the job. 

16* Accessories and attadnridits add errors. Use should be 
confined to MasiffOTeats m lAidi the a^d convmience, 
or their applicationp' increases tiie reliability of a 
measiffement rare than tiiey decrease it*- 

17. Every trmsfer of measuren^t ad^ steps and added steps 
add errors* * ,a £act6r that shoaLd be considered m using 
transfer instTTjments audi m the caliper, 

18. Transfer MtstrumCTits deprnd on ^e "feel" of the user 
for accia^cy. 

19. In i^ijig steel measuring tapes, one should also consider 
the effects of d^iges in anfilent^ on measure 
iMnts. \ ' 
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. 20. It is good practice to repeat measureTOnts imtil satis- 
fied as to their accura^, , .^ite doMi measureirents 
ratiier r^m trust vthem to n^nory* • .use TOdianical 
support as opposed to hand, stp^rt i^eneTOr^posslble, . , 
ensure both part and the measuring diivlce are clean 
before taking TOasurCTient.' 

STOIM' ACTIVITIES - ' 

1. Review and ensure personal knowledge of the various 
rules mid gauges * 

2, Obtaui a steel scale, masurmg tape and accessories 
from the home wortehop, or sdiool nietal shop and prac- 

. - tlce measwmg various items. ) Asmreness should be made 
of the types of errors ctesGribed ui the resource guide* 
^'Attenpt to delicate parall^, discrimination^ measured 
point, Md manipidative errors, 

3* Using a 10 foot itale, ireasure the hei^t of students in 
your class, Mce a conparison. of these TOasuremmts 
with the metric conversions* 

4. Using a 2 foot rule neasure pre-cut stodc. The length 
of stock should be cut to various lengths and include 
fractions whidi correspond to graduations of the rule. 

i ' : 5, Using a 6* wod nde or iretal tape, masure a classroom* 
, TTien use a 50 or 100 foot measiffing tape and conpare the 
results* 

6, With a steel rule measure various lengths of metal stock 
in tte metal shop, Nfeasure in various fraction accuracy 
such as 1/8' % 1/16", 1/32", and 1/64". 

7. Visit the TOtal shop md ask the teacher to show you the 
various types of steel rules, accessories, and calipers. 
Perhaps the teacher will demmstrate Hie uses for you. 

VERNIER INSmi^^^S 

Vernier hand n^asuring devices are very essential to the ^ 
entry level djidus trial nmufacturing enployee* Therefore, an in- 
depth review is made to familiariEe the. student mth the^ basic 
requirements* 
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THB VIRNIBR CALIPER 

The vernier caliper is essentially a slide caliper that 
incorporates a vernier scale and a fine adjiistnient. 



DIVIDER 



-S G RBWS " ^ 



^^fl a i i f l » l i Wi ii fl li ((i»Wi!itfaWWiv|ff.BiT 



FDCED 
JAW 




BEAM 



ii><l \ I it y/i t Mm %i fti!lt3*i 



VERNIER 
SCALE 




«i« ilfjitasii iff*! 



\ 



MAIN SCALE 

FDJE 
ADJUSTMENT 

nut: 



NIBS FOR INSIDE 
MEASUREMENT 

The t)^ical instiianent consists, of an. L=shaped franB or beam, 
the and of whldi forms the fixed jaw, and a sliding jaw asseirbly; 
mde of two sections Jo toed by a scrw and adjustment nut. The 
vernier scale ' attaches to the slidmg jaw and TOves parallel to a 
main scale engraved on the caliper bean, itosifa is sudi that 
readings axe made from one scale to tiie o'^er with minijmjm parall^ 
error. Two center points are usually^ prodded on the side of the 
instrument for settuig dividers to iclose dijMnslons. , ThepUnlbs" 
for inside measurement are grotmd to a radii^ to permLt stogie- 
point contact with small holes and bores. A variation of tiie 
Vernier caliper i^es laiife= edged jaws for gaugtog surfaces., 

' The vernier and mato scales on one side of the instrument 
generally read outsit measur^ents while the scales oh the 
opposite side read inside neasUrements, Somettoes both the toside 
and outside scales are foimd on the same side of the/tostnm^nt, 
one ^ove the other, / 

Ra^ING VERIER SC^S ' 

First consider the stmdard 25-divlsiOT vernier, Thm mato 
scale itself is graduated to fiil todies. Bach todi is divided 
into ten parts and eadi of the tenths is agato subdivided toto 
quarters, . 
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.100 

1.000 .?00 .. 300 




2. 000 



^ 1 2 3 4 5 6 7 8 9 ^ 



I.... I. 



,025 
. 050 



1 1 i ' I I I - 



CALIPER BEAM 



.075 



Cth© scale is read by adMng the Indies, tenths and quarters 
togetJierO 



i I 2 3 4 5 6 7 8 9 2 ^ 

J I I 1 1 I i 1 J I I III 11 



The reading o£ the above scale is therefore 1/775. 

The vernier scale contains 25 divisions In the saro lei, 
tiiat the main scale has 24r . Each vernier division is 1/2 Stii 
smaller than its main scale countexpart* Slijce each imln scale 
division equals l/40th o£ an indi (.025 indij , tiiis mans eadi 
vernier division equals l/25th of l/40th of an indi or 1/lOOOth of 
an inch (-001 inch). 

There are also iretrlc vernier calipers, \, 



22. 10 MIE^liikETERS 




METRIC VERNIER PLATE 



02mm EXTERNAL, 
10 I 20 I 30 



BEAM 
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Using the veimer "0" luie as the mdmx, tiie abo\re ntetrlc ' 
scale raads 20 + 2 beam graduations, or 22 mlliroters, plus ^e 
veniler reading o£ the lijie which comcides wth be^ line* In 
_ the eranple*, that line is "S'|. lOim 22 milllineters (tiie beam 
scale reading) + S X .02 (the veniier scale r^admg)^mls 2^^ 
mll^ters, , *the sun 'of the beam md vernier scales^ 

fiji exffl^ie o£ rea^^g a metric scale is* 



e , 



10 



OZmm EXTERNAL. 
20 30 40 



50 



0 




4 



52.00 MAIN SCALE (5 x 10 + 2) 



MEASURING WITH VERNIHl CALIPmS 

In taking outside or exterior measurentents , the caliper jawsv 
are set slightly larger than the distance to be iiBasured and tiie 
ad^'ustment nut carrier locked to the beam by tl^tening the appro- 
priate claiiplng screw. Hie sliding jaw clanplng screw is in turn 
snugged vp but not so ti^t^as to lock the jaw. 



CLAMPma SCREWS 
FIXED JAW 




/ ADJUSTMENT NUT 
[^k(BEHIND THUMB) 




SLIDDSfG JAW 



OUTSIDE . 
MEASUREMENT 



The caliper Is then gripped near or opposite the jaws - one 
hand at the fixed jaw and the other generally si^porting the 
sliding jaw - and the caliper carefuily positioned on tte part or 
feature to be measured'. With the fixed jaw held against tiie 
reference point aid the axis of the instrurent parallel ari^ in 
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I, 



plan© vdth the line of measurafriOTt, ^© sli^g jaw is TOvid i^ing 
the fine adjustn^t nut mtil it just contacts the ^Mured pomt. 
■nie sliding ja^ is ioctod by ti^tening tihe ^propriate clanpljag 
screw and the ^'feel'* between the cMiper md part redieckad. The 
stidOTt should remonbef timt "feel" refers to rAe gaugihg pressure 
^r "f of ceTS^^"^^^^^^^^^ 
sion or; feature. . . 

Inside or interior TOasur^ients are perfoCTsd m essentially 
^he same manner except at start of ireasurenient, the jaws are set 
sli^tly smaller thm distmce to hm ireasured, and the measurement 
is read from the scales niariced "INSira" or "INmiOR," 

to measrauig a dian»terj the procedure is to hold tiie fixed, 
jaw against the refermce point and sidng the slidmg jaw back and 
forth past center i^iile turning the ftoe adjustoront nut* Correct 
setting if obtained idien the sliding jaitf just .rontacts ttie m»sured 
point as it passes center* 




In Masurtng the vernier calipers, ^^ather it is m outside 
TOasurement, an inside ireasurement p or the, TOasurement of a dia- 
meter, it is the fixed jaw that is always lised as the refarence 
point, 

SOURCES OF ERROR ' 

A basic law of measurement state^ that m^dmim accui^acy is 
obtainable only vrfien the axis of the^stranant lies on the smne 
line as the line of measuremCTLt* Because caliper jaws are offset 
from tha axis of the instrmont, alignront therefore becomes a 
very jj^ortant consideration \^en MasuriJig witii vernier calipers* 
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In taking TOasuren^nts, always mkm siire the caliper beain| and th© 
plane of the jms are truly perpendicular to the surfaces being 
measinred, O^ar ii^prtant factors are: jj 

1. Never allow ;die instruront to tip ^ twist or beqome 
c^ted. In other words, greatest acciuracy Is ^c[btain^d 
when the axis of the mstnmwt is held parallel and^in 
plane witJi line of TOasurOTent. 

2. Centralizing ^ rocldng the instriinent slightly on ^e 
reference pomt and the sliding jaw adjusted mtil the 
TOasured point falls on tiie true diameter. The pro- 
cedure is to hold the fixed jaw against ^e reference 
point, TOve the sliding jaw In a smll circle, and at 
the Bmm time turn the adjustnent nut mtil contact is 
felt. The sliding jaw is then backed off sli^tly and . 
the process repeated using sn^ler and sinaller circles 
until the caliper |aws rest squarely on the reference 
and measured pointts, - , 

3, Another source dt error is the use of excessive gauging 
pressure* Ove/-ti^tenmg in fact can not only result 
in inaccurate ymd unreliable TOasurentents, it oiuld 
burnish the ^art,.,it could pvea dirage the mstnm^nt. 
Correct gaugang pressure is obtained vhmn contact 
beto^reen paii and caliper jaws cm just be felt, 

4, Lack of magnification can' also l^ad to discrimination 
error. 

5, In obtaining accurate and reliable measurements, it is 
required that both the part and. measuring device are 
clean* Surfaces should be wiped free of any dirt, grit, 
or oil. Along the sare line, you should make certain 
there are no burrs or other obs tactions isiiich coidd 
affect measurement* 

6. As in measuring with steel rules, it is a good practice 
to write down a ireasurement rather than twst it to 
mamoiy. It is good practice to repeat a reasurement 

/ mtil satisfied as to accuracy, 

CASE OF VERNIER GM.IPERS " 

A primary consideration in the care of vernier. calipers is 
the condition of the jaws. For exanple, they may becone bent or 
spnmg, Ihey are also vulnerable to wear. Some of the coninon 
wear patterns are: 

Wear from measuring outside diameters. 
Wear from general use. 
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Wear from TOasuring Inside dianeters* ' - 

Sliding jaw- fame ^ar and wai^age, 
\ ■ .. ■ ' , - ■ " " 

% The calipers OTUld be easily checked for these wear pattens 
by closing the calipers ti^tly and hold -them to tiie li^t and 
^si^ting throu^ the cradct If ll^t can be seenj it mems some 
degree of wear exists. When war does exist and it exceeds ,0002 
uidip the^^instrunfent shoiid be returned to a gauge maker or the 
calibration laboratory for reconditioning. 

Zero setting - is diecked by closing s the caliper md observing 
if the vernier rea^ zero. If not, it caii be adji^ted by loosening 
the vernier plate screvi^ and resposltioniiig the scale, ' - 

Precautiona^ Note: the accuracy md reliability of the 
vernier caliper spends on how mi^ care it receives . Some very 
basic hints on mmtenance are: 



/ 



Handle the InstrmOTt gently 

Keep free of dirt , and grit* 

Keep m ■appropriate box when not^-M me. 

Never use the veniier caliptr^^ a wrmdi 

hramer or pry bar* ^ 



VERNIER DEPm GAUGES 



f 



The vernier depth gauge is essentially a nke depth gauge 
incoiporating a vemier scale and fine adjiistn|ent. 

I ■ wmE 

, ADJUSTMENT 



It 



REFERENCE POINT — ► 

/ 



HEAD 



NUT 




MAIN SCALE 



ij.r.j.if.'i..Q.*Aj.'.i*jU».t,i'.^ 



VERNIER 
SCALE 



MEASURED 

pomT 



To use the instrinnent, the head or base is generally res.tek^ 
on or against the reference point and the graduated beam adjusted 
to epntact the measured point. Readliig of the scales l&-ldentical 
to the vernier caliper. 
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Like the vernier caliper, the vernier depth gauge is si&ject 
to a niBrfDer of manipiiLative^ errors. In facti it is probably 
easier to mke inanip^ativ& errors mth a vernier dep-fli gauge than 
any other measuring device. Some of the errors associated with 
the use of vernier depth gauges are: ^ 

Part fef^tures not square or true- 
Base lifted from reference point* 
Base tilted. 
Manipulative errors. 

Tterefore, a firm pressure must be mamtained in holding the 
base against the reference pointy while at the same tiro using a 
very light touch to set the graduated beam against the Treasured 

pqijit- , . _ . .=^= ^— ^ ^ .= ^- 

UNIVERaAl BEVEL PROTOACTORS 

4 Hie ^.ui|i vers al bevel protractor, also called a bevel pro- 
^tractor or vernier protractor^ is a precis!^ mgle-measuriiig^ 
instrimient desired for layout and check^g of angles. It con- ^ 
sists of a bas^ aid a blade which can be^evolved In relation to ' 
each other and set in any desired position, M acute angle 
attachriient permits a longer line of contact in measuring small 
angles, Beloiv is a typical bevel protractor. 



FINE 




STUDENT ACTIVITIES 

■ ' 1. Visit the metal shop and ask the teadier to deTOnstrate 
the varioios . vernier measuring instrimients , Perhaps you 
will be 4ble to practice t^ing soto actual TOasurements. 

\ ^ 

2. Review the differences in reading the regular scales and 
• the metric scales if they are available. 

83 
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3* For the student oi* ent^- level employee, effort should 
be mde to leam the care and handluig of the vernier 
nieasurtog instruinOTts* 

4, The student should remember that there is only one my 
to become proficient In using delicate and precise 
measiuring Instriflnmts, this is mth practice* Con- 
sidering tills I tiie student should expend all available 
time in getting the "feel" of tiie uistrunents. 



MicronBter instrinnents achieve even greater precision than 
the vemiei* instranrnts by using a finely threaded screw to 
aiw^lify^^-readingST- There -are nany = types of mcrometersr^^e^TOst^ 
commonly used are: 



Outside micrometer calipers 
Inside micrometer calipers 
Micrometer deptii gauges 



The most general reference to the tem microMter is the 
outside micrometer caliper. The basic coirpDnents of the outside 
micrometer ^caliper Include a fvmm^ anvil, spindle, barrel,' and 
thintle. Many have a ratchet stop to help establish tJie proper 
"feel" or torque \Aien making measuremfflits, I^iy have a clanp ring 
to "lock", measurement. 



ANVIL 



CIjAMP 

Rmo 

BARREL 



THIMBLE 




SCREW 



RATCHET 
STOP 



OPTIONAL DIGITAL DISPLAY 



rRAME 



ENCH 



Mcrometer screw, which i's actually a part of tiie spindle, 
threads through a stationaiy nut located within the barrel. The 
thimble attadies to the spmdle and acts as a dust cover, A 
linear scale is provided on the barrel to masure the axial move- 
merit of the spindle, A circumferential scale on the thiirtole 
indicates the aroimt of partial rotation of the thin4)le. Some 
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micrometers ijiclude a vamier scale on the barrel for nBasuriJig In 
still fiiier increirents of thliitle rotation, ^me^ Jjiclude a 
digital display for faster and easier reatoig. Hie part of tiie 
microTOter that iroves back and forth with thimble rotation is the 
spindle. The mvil represents the fixed refer^ce point of a 
micrometer measurement. 

In addition to different types of micrometers, there are 
different sizes, Tlie desisted size of a micrometer being its 
largest openiiig - not its raaige. For expnple, -flie l-indi micro - 
.nteter has a measurement range of 0 to 1 inch; the 2S-millimeter 
metric microTOter measures from 0 to 25 millimeters. Larger 
"inch"' sizes are desipiated 2 indip 3 inch, 4 incii, S uidi, i^ile 
jretric sizei^^^i_2S^_ JJ,^.7S,^m 

micrometer size, however, ti&e rmge of measurement is usually 
limited to 1 indi for inch micrometers and 25 milliTOters for 
metric microreters* TTiis means "tiiat a 6- inch micrometer can be 
used for measuring dimensions of 5 to 6 indies only, 

READING THE "INOT* MICROCTER 

Reading a micrometer is singly a nmtter of coimtmg the 
revolutions of the thintle and addmg to this any fraction of a . 
revolution shown on the thliTtle scale. The pitch of the "inch" 
micrometer screw is usually 40 threads per inch* This ireans that 
each conplete turn of the thintol^ moves the spindle 1/40 or * 025 
inch, T^e barrel scale is in tuni graduated so liiT^t eadi division 
represents one revolution of the thiiT^le or ^025 inch. 



LARGE DrV.ISIONS EQUAL- 
SMALL DIVISIONS EQUAL 



. 100 n^CH EACH 
— . 025 mCH EACH 




THIMBLE SCALE 



BARREL, SCALE 



From 0 to 1 on the barrel scale are four divisions, so that 
"l" on the scale represents 4 x .02S or .100 Inch; "2" is equiva- 
ler t to .200 inch; and- "3" to .300 inch. 
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If "3" on the barrel bcb2m is equivalent to ,300 indi, "5" on 
the scale represents 5 x ,02S or *125 indi. The barrel scale 
shown belov/ reads .200 + .025 x 3 (the nLo^er o£ divisions showing 
to the rl^t of .200) or .275 mch + a part o£ a division. 



LARGE DWISIONS EQUALS 
SMALL DIVISIONS EQUALS 



100 mCH EACH 
. 025 mCH EACH 




THIMBLE SCALE, 



BAKRE-L S.GALE- 



EACH DIVISION EQUAI^ . 001 INCH 



Thm thiiible scale has 25 divisions , eadi .^vision repre- 
senting 1/25 X .025 or ,001 inch. Using the horizontal llna on 
the barrel scale as the index, note that the part o£ a revolution 
indicated on the . thimble scale above is 19 j meaning 19 x .001 or 
.019 indi. Adding this value to the whole divisions showing on 
^the barrel J we have the iiBasured distance. 

.275 (reading from barrel scale) 
+ ,019 Creading from tiiintole scale) 
.294 Cmessured distmce) / 

Tm \^RNiER Mimavffim A 

These are micrometers that incline a vernier scale on thm 
micrometer barrel for carrying a measurement to four places 
(^0000). / ! 

/ I 



VERNIER SCALE 




THIMBLE SCALE 



BARREL SCALE 
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llie vernier scale consists o£ 11 equally spaced lines. The 
first ten are niBribered zero through nine, with the eleventii liJie 
identified as another zero. The vernier is read by matching a 
vernier graduation to a thintle graduation, noting the vemier 
nurfcer and adding this nimfcer as the fourth digit, Siovwi below 
are two exanples. 



cm 

w 

> 



BARREL. 
269a INCH 



z5 

-20 



H 
IB 



BARREL 



270Q mCH 



:5 
•0 



-20 



Notice that when mlc1?Qmeter reads in vrtiole thousandths, both 
zeros on the vemier scale match \^ with thimble lines. 

SOURCES OF ERROR 

The following are possibly the most coirnuon sources o£ error 
-tn^eading m'cromfftW^'calWSi • 

Barrel scales are frequently misread an additional, ,025 
inch, 

nie thiirible is read in the wrong direction, 
READING rm "METRIC" MlOiavffim ' 

■ I ' " 

With metric microTOters, several variations of the barrel 
scale are used. Below are twqj^ical exaiT^les, 



k 9 5 



HALF MIL LIME TERS^ 



FULL MILLIMETERS 



25 30 



^TWT 



§5 

|o 

%5 



HALF MILLIMETERS fuLL MILLIMETERS 
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Each cor^lete turn of the thdjifcle nwves the spmdle 1/2 
millimeter (/Siinn). Two tums eqiml 1 ndllmeter (Imn), Iha^ 
thiiifcle scale in turn has SO divisions dividing the 1/2 ndlllmeter 
graduations of tl^e barrel scale into hundredtiis of a ndlllmeter^ 
(.01 nnn). To read the metric ndcrometer, first comt the "full" 
or whole millimeter gTaduatlons- Add the next 1/2 millimeter 
graduatiOT i£ visible^ plus the thintle reading. 




B 



0 5 I 



tVt'i 



Whole nim Lines Visible on Barrel 3 
Additional 1/2 rmn Visible on Barrel 1 
ThiJtible Reading 36 
, I^asured Distance 

USING TTffi MICRO^MBR 



^20 

His 

10 



S.OOiiin 7 
, SOrnm 0 
p36nnn 15 

3 . 86mn 



= 7 



.OOmn 
.00mm 

.ISiM 

7, ISran 



\ 



The basic principles of measurement with micrometers a^e 
essentially the sane as for the jjistnments already discussed. 
Specifically, measurMent with a micTOTCter involves a reference 
poijit, measured pointy md a line of measureiront. 



REFERENCE 
POmT 



. ME AS U RE D PO IN T 
- MEASURED DKTANGE 




hmE OF MEASUREMENT 



■ 

^ The most coimon application of mlcroTOters is the measurement 
of length dimensions between tm parallel end surfaces on the out- 
side of an object or feature- The micrometer is set to di^llcate 
the separation between refer^ce pomt md measured point i with 
the axis of the instrOTent on the line of Masurement, 
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ITie part or object is held in the left hmid vMle the Ti^t 
h^d holds the ndcroneteT so that the tiiimbie can be turned 
be^een the thmb and combtoed index and third fingers, Thm 
fourth and fifth fingers are used to clamp the fvmw agauist the 
palm of the hand. A draiAack of this irethod is that in nost 
instmces the fingers are too short to readi the ratchet stop* 

A more reliable method is to me '^ bench stmd or equiwlent 
device to si^port the micrometer thus leavijig the hands free to 
concentrate on measmrement. The ratchet stop is also accessible. 

On larger and bulkier work, different iiBthods of holding tiie 
micrometer are-iisedv -Gne-hand— is--gCTterally used -to-hold- and align^ 
the micron^ter while the other hmd is free to turn the thiiitole 
either directly or using the ratchet stop, 

microliter is first set to an bpaning slightly larger 
thm the distmce to be measured. This is easily and quickly done 
by rolling the thirnble along your hand or am.. Never change tihe 
setting by grasping the micrometer by tiie thijrible md twirling the 
frame. To do so only accelerates threaAcear. It could also 
damage the micrometer should the spindle be japred into the anvil. 

In gauging flat surfaces , the microreter is placed on the 
work md the aftvil positioned squarely agaijist the reference 
plane. (A feeling of stability usually occurs i4ien tiie axis of 
the micrometer is peir^ndj.cular to the referende plane.) 

The spindle is than closed on tiie measured plane by slowly 
tunilng the ratdiet stop imtil it releases one click. Tlie measure- 
ment is read. The purpose of the ratchet stop is to control the 
torque applied to the spindle thereby ensuring a nore uniform 
measuring force. 

Very small dimeters are gauged in mudi the same mmmeT as 
flat surfaces. For larger cylindrical partSj however, a dj,fferent 
method must be used in alipiing the micrometer wiih the line of 
measurement. 

In TOasuring large diameters it is necessary to "feel'* the 
setting to be sure the spindle is on the diameter. This is 
acconpiished. by rocking the microTOter back md forth over center 
while closing the micrometer by small steps. When contact is 
felt, the micrometer is then rocked sideways slightly to fdjid the 
position of last contact, \ The rocking back md forth and sideways 
is repeated until the perpendiciiar position is foimd md'the 
spindle just contacts the measured point as it passes over center. 
The Masurement is then read from the micrometer barrel md 
thin^le scales. \ 
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In other words ^ cylindrical surfaces are mDOsured by rodcing 
the mcrometer over center and tuimng the thiinble in very small 
tocreTOnts mtil the spuidle just contacts the dimteter. Flat 
surfaces are measured by placmg the micrometer mvil squarely 
against the part and using the ratdiet stop to set TOasuring 
pressure. 

Mother point to keep in mind is tlmt even though mmiy inicro- 
Tneters read to ,0001 inch^ their structural desi^ is not suffi- 
ciently rigid for reliable measurement to -0001 indi. Generally 
spewing s don't expect to TOaswe with any accuracy to closer than 
.0002 indi, 



CARE OF mCROMEmS ■ 

1, Dirt not only causes rapid wear but buildi^ on measuring 
surfaces can create errors of as much as several thou- 
sandths o£ an in^* This irems that before a micrometer 
is used it should be wiped free of oil, dirt, dust, and 
grit. A popular method of cleaning ttie neasin/ing sur- 
faces of /the 1- inch micrometer caliper is to close the 

- micrometer lightly but fiimLy on a piece of soft papery 
then wi^idraw the paper. The spindle is then opened a 
few tuins and any remaining fuzz or dust is bloim away, 

2, A micrometer may also become gumny and the thini)!© . f ail 
to turn freely. This r^uiros disassembly and washing 
of the micrometer conponents in a suitable cleanuig 
solvent 5 then relubricating witii a light oil and assem- 
bling the parts. Just soaking the asseniled micrometer 
will only transfer the dirt to another part of the 
micrometer and perhaps make it even nore difficult to 
clean. It also washes away needed lii^ricatlon. Further- 
more, the apparent sticking nmy not be due to gim and ■ 
grit at all but to a dajnaged thread or a sprung frame or 
bent spindle. In checking the mcrometer, the spindle = 
should turn freely with no play at any point in its 
travel. Any adjustment or repair should be done accor- 
ding to the manufacturer's instructions* 

3, Perspiration as well as cutting oils are highly corro- 
sive to the finely finished surfaces of a micrometer. s 
At the end of the work day, the mi.crometer should be / 
wiped ^clean and lightly oiled before it is returned ta^ 
its case. Oiling of micrometer surfaces is highly 
essential for protection 'against rust and corrosion. 

4- Never leave a 1-inch microTOter with th^ spindle in 

contact with the mvil or leave any micrometer tightened 
on its standard, Clhe finely finished contact surfaces 
.corrode quite rapidly when left ^^wnrng" together, 
. probably because of electrolytic action, ) 
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5. Never use force or cranp the, mlcromter to m^e it fit 
becai^e it can be spnmg or bent, 

6. Never overtighten a mcrometer or use it as a snap 
gauge. 

7. SoTm typical cautions are listed below for additional 
student clarity* - 

m DO NOT 

Keep mcronBter clesffi " Twirl micrometer fraro 



Take, care in aligning micro 
meter with part 

Use uniform gauging pressure 

Avoid tendency to make 
microTOter fit 



Force or cranp micrometer 

Overtighten micrometer 

Use micrometer as a snap 
gauge 



Some other major points for the micrometer user to remember . 

1. A check of zero setting will often alert the mer to 
errors in micrometer readings. The dieck involves 
closing the micrometer using the sme gauging pressure 
that would be used dji nmking measurements ^ iJien 
observing if mlcTOmeter reads zero, ^y difference, 
depending on the dlrectinn of error, 3hoid.d be added or 
substracted from measurements or the micrometer reset 
according to the manufacturer's instructions. 

2. The contact sT^r faces of a microMter should be checked 
periodically for parallelism md flatoess. This is 
readily acconplished using. a preclsion^ ball to "e^^lore" 
the contact surfaces. The ball Is slnply moved from 
location to location arpuad tiie contact surfaces and 
measurements taken of ball diameter. Any deviation in 
parallelism appears as a change in reading. 

3. The contact -surfaces of a micrometer could also be 
checked with an optical flat. The optical flat has the 
advantage of readily and accurately .detecting conil- 
nations of wear such as waviness^md hiii^s as well as 
lack of parallelism appears as a change In readings 

4. Micrometers should be chected periodically, to veri:fy 
their accuracy. Calibration usmlly consists of Trea- 
suring a selected grotp of precision gauge bloplcs and 
noting' any variations from tinj© dlTOnslons. 



5. "Standards" are also purdiased and/or fumlshed with 
micrometers for checking calibration. For 1- and 2- inch 
micrometers, the standard is usually a disc. For larger 
micrometers, they are rods. In "TOasuring gauge blocks 
and standards, the gauging pressure used should be the 
same as that used in measuring. 

VARIATIONS OF' Tffi OUTSIDE MICROMETBR CALIPER 

Some o£ the nrare conmon variations o£ the outside micrometer 
are listed for^student and user informatipn. They are : ^ _ 

Disc micrometers - for measuring closely spaced sections. 

Blade microreters - for measuring to the bottom of narrow 
grooves* 

Hiread micrometers - for measuring pitch diameters, 

Roimd anvil micrometer - for measuring tubing wall thictaiess. 

Micrometer with interdiangeable anvils - to cover a wide 
range of sizes. 

Bendi micrometer - for reliably measuring small parts* CTha 
stable position of this micrometer pentdts a more precise 
locating of a worl^iece and the heavy base adds to the 
rigidity of the instrunent.) Bendi micrometers also have a 
larger diameter spiJidle and thimble, thus permitting a fmet 
pitch thread for greater sensitivity and direct reading in 
tenths of thousandths of an inch* 

Variations of the outside micrometer caliper are generally 
according to their anvil configuration. 'ITiis configuration 
generally serves as the means of identification, excepting the 
bendi micrometer, ^ 

INSIDE MICRO^TER CALIPERS 

The inside micrometer caliper is essentially an outside 
micrometer caliper with fixed and TOvable "jaws substituted in 
place of the frame and anvils. Available in three sizes, the 
smallest dimension that can be measured ib , 200 inch, Hie largest 
is 2 indies. 

Desired specifically for inside measurement, the '*nibs" or 
jaw gauging surfaces are groimd to a snmll radius to ensure single 
point contact. Besides using jaws for gauging surfaces, the ^ 
"inside micrometer is conron with the vernier caliper in that both 
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have the instruiient axis offset from the line of nteasuremsnt • 
Therefore, the smm rules regarding rocking and centralizijig apply 
tq both instriTOnts. 



The inside micrometer has tivo different scale arrangements, 
Orq has the linear scale located on the spindle ^ while the other 
has the scale on the barrel. In reading the barrel scale, how- 
ever, only the covered graduations are read left to right in the 
conventional manner* 

INSIDE MICRMTBRS - . .^ ..^. - - ^ - - ^ . . - 

The Inside mlcronteter generally comes as a set consisting of 
a micrometer head, handle, spacing collar, and a nurber of exten- 
sion rods. The rods are nmde in different Ir'^^ths, usually in 1- 
indi steps , and are asseTT±>led to the head by . is of a threaded 
connection or diuck. The smaller heads have , crew travel of 1/2 
inch, and the rods are attadied eltiier directly or by using the 
1/2-in^ spacing collar. The handle cm be attadied to tiie head 
to permit measuring at greater deptiis. A typical inside micro" 
meter set includes the following items: . 

Ifendle 3 to 4 inch rod 

Nttcronteter head 4 to 5 inch rod 

Spacing collar S to 6 inch rod 

2 to 3 inch rod 6 to 7 inch rod 

The smallest bore which cm be Masured is generally 2 inches 
while the largest diameter depends on the extension rod used, the 
practical limit being about 32 inches. The gauging surfaces or 
contacts are spherical to pemit measuring holes, bores, etc*, at 
their true diameter. 

In measuring an inside diameter, the spindle or extension rod 
is generally held against the reference point and the instruTOnt 
centralized imtil contact points rest squarely on the reference 
and measured points, v/ith axis of the instnnnent on line of 
measurement , . ' 

Sources of error - in addition to the usual measurement pre- 
cautions, there are two other possible sources of error when using 
an inside micrometer. They are: 

1. Make sure extension rods are properly seated and locked 
in their sockets before performing measurement* 

2, Do not handle the extension rods unnecessarily. Warming, 
from handling too long ' can ^substantially increase their 
length a^d thus produce errors* 
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SnroENT ACTIVITIES 



1. The smm activities pertain to the micron^ter instru- 
jrents as with other instrijiBnts except that perhaps more 
care must be taLkeh when using them* 

2. Visit the iMtal shop in your school and ask the teacher 
to^ denranstrate the microTOter mstrinrents . 

3. Perhaps you may enroll in a basic medianlcal measure- 

- Tnents class- and get first hand teiowledge^ of the" InstTu- 
ment throu^ actual use- 

4. For the entry- level manufacturing industiy enployee, the 
basic tools sudi as the steel rule, vernier caliper, and 
one- inch micrometer should be purchased as personal 
tools. Once purchased, read all directions carefully 
md then practice t^ing the tools on objects in tiie home 
or shop* 

5* Once the basic tools are fully mderstoodj then the use 
of the less commn micrometers could be learned, 

LIMIT G^GES 

Limit gauges Cgages) provide a fast economical way to dieck 
for tolerance limits and mkes possible quantity production. Mass 
production would be seriously hanpered if it was necessary to 
measure all parts with adji^table tools. 

Basically limit gauges are nmde to measure a single dimen- 
sion. Soto of the most connnDn of these are presented for student/ 
entry-level employees familiarity: 

PLUG GAUGES 

Tliese are called go/no -go gauges for the fast inspection of 
holes, inside diameters, and slots. They are available in single 
ended models and are ordinarily used in pairs held by hexagonal 
handles* Types of plug gauges are: . H 

Single ended go 

Single ended go for deep bores 

No-go , 

Go/no-go double ended combination 

Progressive go/no-go 



Descriptive terns for securing gauging n^n^ers to the hmdle 
are: , 



1, Taperlock - taper shanks fitted Into tapered receptable 
that are limited to smaller difflneters through I.SIO 
indies. 

2. Reversib^le - held by color coded locking nutSj green for 
go and red for no-go. O^ay; be withdra^vn . f rom handle 

face,) It is restricted to 0.766 indies or less, 

3. Trilock 4 three prongs on the handle are forced iutd 
corresponolng groves of the gaging members by TOans of a 
screw pas^mg through the cmter of the plug and threading 
into the handle. It is for di^iBter measurements of 
1,510 Inchbs to 8.010 inches. 

4, itoiular - a ^eel tYP^f single ended imit with removable 
screw-iji h^dles to facilitate the gaging process, 

RING GAUGES ^ 

These gauges havi a bore of knoMi dimensiqnal accuracy with 
which cylindrical malel test pieces may be conpared* Also used for 
outside diameters j thiclaiess, and lengths* 



Go -Gauge - represents the maximim toleranc 

No- Go Gauge - represents the minlnMn tolermce* For Iden- 
tification the no-go is stpprled with an amular groove or 
ring In the taiurleS periphery. For rings less than or equal 
to 1.510 inches the\ gauges are made of solid cylindrical 
stock* For*larger sizes, the gauges are flanged* 



MASraR SETTING DISKS 



widely employed for getting and checking micrometers ,| adjust- 
able snap gauges and all types of con^arators whenever a cylin- 



drical test piece is to be 



con^ared* 



These disks are cylindrical in shape to resemble the 
part to be checked. 

Have insulating grips to help avoid handling the mea- 
suring sinrface* 
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SNAP GMJffiS 



The group o£ fixed or slightly adjust^le calipers used for 
the size control of external dimQisions." ^ley are also used for 
thiclaiass and lengths, 

Go/No-go 

^ii)le ended coiriinations on a conmion ftsam 
Progressive types 

TAPER GAUGES - TAPmED P^WlLLELS 



0 Taper Gauge 




e Tapered Parallel 

mm / 



HOLE 
DIAMET^ 



OTtffiR GAUGE 




Have two marks on the taper, 
(If taper enters hole to a poirit 
where It stops between markei 
the taper is acceptable. ) 

Using two tapered surfaces facing 
each other and placed in a hole* 
The external edges ape gauged to 
give the^hole diameter. 



Feeler' Gauges - ^bl^des of various thickriesses 
Radius Gauges 



Fillet Gauges - 



a series of thin steel leaves used as 
ten^lates* ^ 

a series of thin steel leaves used as 
ten^lates.,. 



Flush Pin Gauges - single pui^ose gauges desired for the 

control of a particular dimension on a 
■particular dimension with a particular 
conTponerit. , ' J 

'Diere are some cautions to be taken when using limit gauges. 
They are: 

Do not force gauges. 

For close tolerances , keep part and gauge moving 

or they may freeze i^* 

Lubricate when tolerances are close. 
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ConditiorLs that are difficult to detect idth limit gauges 
arei OAen size differences are smll)f 



Ovality ^ 
t ^ Taper 

Bell-TOuth 
Hour-glass 
Barrel 

ADJUSTABm LIMIT GALmS 

A fixed gauge camot be used for any dieck other than the 
dinBnsion and tolermce for i^fliidi it is ma^^ In contrast p 
adjustable gauges have threaded contacts ivhidi cm be adjusted to 
various limits of tolerance md wear. 

1. In^cating gauges - lAich are also adjustable ^ toclude a 
direct readtog device sudi as the dial Indicator ^ to 
show the aromt of variation from tihe specified diMnsion 

2, Dial Indicators - basic to measurerent by con^arlson 
with the follom^g features: 

a. Simplest indication is a lever ^lich allore very 
sm^l movements to greatly enlarged, 

b. Range from low ^lification test indicators in 
seti^ said in- process inspection , to highly precise 
electronic instmrents. 

c* Tim ajiplification is the eaqpansion of the gear 
train mi^tiplled by the increase contributed by 
the pointer* 

d. All measurement r^ul res movement, 

e. Direct measm^ement is static* 

f* Conparison measurement is ^Ti^nic* 

Ihe dial; Indicator consists of a graduated dial with an 
indicating hand; a contact pomt attadied to a spindle, 
and m enclosed gear or lever Mplifying TOveMnti A 
short linear irovement of thm spindle is aiipHfied ,by the 
intemal TOdiamsm and shows on the dial by a broad 
sweep of the indicating hand. M internal spring 
returns the spindle to its original position i^en 
pressure is, removed, Ihe sprtag provides the optMum 
measuring pressure without reliance of mmual "feel," 
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^ 'me use of the dial ijidicator a dynamic liinit gauge is 
coi^licated and not generally used by antr>^- level mxkmts mtil 
ejqperience is gained in the ir^re basic limt gauges » 

STUDENT ACTIVITIES 

1. Visit a manufacturing plant #isr6 large lots of hardwar© 
are received* Perhaps you may ask the tour director to 
illustrate the various lljnit gauges. 

2» Ask the teacher if the metal shop uses liinit gauges 
other than the feeler type gauges* 

3. The entty- level enrployae in a nianufactiirmg plaiit will 
become fainiliar with tha many limit gauges through 
experience. 

HISTORY AM) BACmajr© OF mEADS Vffllffl mE BffORTANT TO GAUGES 

Screw threads and their standardization have proven to be one 
o£ the world* s mst difficult and costly probleLis. Tte British 
Screw System was devised in 1841 md wm based on the inch mea- 
sureirent while the itaericaii Industry was just starting, ^ The 
American system was also based on the inchi and was not developed 
imtil 1864. The developnent was brought about by the lack of ■ 
standardization in the railroad developflrieiiit. 

France and other coimtrles used scrrw thread systems based on 
the iretric system of measureTOnt* World War I brought aljout a^ 
need for stmdards in screw thread systems, but it was not mtil 
World War II re^ei^hasized the problCT that eventiially the British, 
Canadians, and Americans agreed on the IMified Thread Standard* 

A screw thread is a ridge of uniform section m the fom of a 
helix generated on the extemal or internal surface of a blinder 
or cone. Its puipose is to hold two con^nents together. 

ELHCNTS OF SCRBV TtmEAD MEASUREE«T 

1. Major Diameter - Largest diameter of a straight thread, 
(For a tapered thread, the largest diameter at any given 
plane normal to the axis,)' 

2- Mijior Diameter - The smallest diameter of a single 
thread, (On a taper "thread, the smallest diameter at 
any given plane nonnal to the axis.) 

3, Pitch Dian^ter - DiaTOter of an imaginary cylinder, the 
surface of which TOuld pass through the threads at, 
points so as to make ■ the width of the thread and the 
space between threads equal. 
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4. 



Ajigle o£ Thrmd - The angle included between tlie sides 
of the tliread ineasured in the axial plane. 



Lead (or Pitch of Hiread) - The distance a screw tiiread 
advances axially in one conplete turn. 

Single Thread lead md pitch equal. 
Double Thread - lead is double tlie pitch. 
Triple Thread - lead is triple the pitch. 



ANGLE OF THREAD 



PITCH DIAMETER 




LEAD 
ANGDE 
^MINOR 
DIAMETER 



HALF OR FLANT 
ANGI^ES 



WHOLE ANGLE 

scBm Timm gauges is d^cluded angle 

Thread gauges are usually classified into tw^ groups^ 

GroLp I Working Gauges and Inspection Gauges CUsed to 
check a product to maintain a tolerance as it is 
being machined and after completion^ 

Group II Setting of Master Gauges (Used as standards 

against which the reference gauges are diecked, ) 

Tha gauge tolerance accuracy is classed as follows^ 

Class W - Closest to which thread gauges are manufactured. 
Class X - Average tolerance (largest percentage) , ^ 
Class Y - Least accurate* 

TEST AND INSPECriON FACTORS 

The following are sonie of the test and inspection factors 
that are coinronly considered in thread gauge diiecks: 

1. Thread ring and plug gauges are commonly used for go/no- 
go inspections, 
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2. 



"Drmilcerf* heliK can be accurately checked optically. 



3, Anglo deviation of a gaiige can also ba checked optically 
ty accurate aligimient of a test point idth a thread and 
microscope examination. 

4, 'Riread con^arators give direct indicL^tion of variation 
betv/een production threids and a jiiaster setting gauge. 

5- Optical coniparators are used to dieck extemal threads. 
(With a master teinplatej the inspector is able to 
observe the outside dlajneterj pitdi dicUneterj fomj 
thread angle, and lead error sijmiltaneously, ) 

6- Minor dianeters require special diisel- shaped anvils 
designed to engage only the minor diameter and not iiiake 
contact along the flanks of the thread tootli* 

7* The lead error in a thread can also be diecked vdth a 
toolmaker- s microscope. 

SCREW limEAD ELBffiNTS OF DEVIATION (W WT IVm TOIJRjWCES) 

1. (Xit^of -roundness - limits thread engagaiiQit and allows 
for only line contact mth tJie mating thread. Tm typms 
are: 

Multi-loba Oval 
3 Point Point 



a. Lead deviation. 

b. Flsmk angle deviation 

2. Drtflikemiess - when the helix variation of a thread is a 
wavy deviation from the true helical advancement (advance 
of thread is irregular) , An exaggerated sketch of this 
feature is: - 




NOra: M^ber of threads per inch could vaiy. 
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3, Surface r>e£ects - nicks or bniisas on thraads. 

4. Taper - causes uneven torquing pressures. 
roRQUE Pm TORQUE ^ffi^HJRBENT 

Associated with screw tliread applications is the method o£ 
insertijig screws ^and the corresponding control of the insertion. 
One of the major controls is torque. 

Torque - Tne tenduncy of an application force to produce 
rotation, (bteasured in inch- grans, Inch-oimces, inch-pomds, 
foot-pounds or corresponding metric tiilitsO Basic techniques of 
torque measurement are: . 

1. Static measuranents of force at a fixed distance from 
the pivot point, 

2. ^ ^mamic or static measurements of a torsion produced in 

the shaft o£ a "prime mover" delivery torque to a load, 

3. Dynamic or static measuremmts of the force and distance 
required to hold the housing of a torque generator or 
its load. 

4. Measurement of the diain or belt tension required to 
rctate a pulley- or load, 

A gauging tool* torque wench, is used to measure the resis- 
tance to turning. Features are: 

1, Direct reading with mechanical or sensory options, 

2, Very critical md must be closely controlled 

3, Equation is T ^ F x D; where - 

T ^ Torque 
F = Applied Force 
D " Distance of lever am 

NOTE: Lever length must^be perpendicular 
to direction of applied force. 



UDENT ACTIVITIES 

1. Leam the basic features of screw-thread application tn 
order to be prepared for future involvement. 
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2. 



Visit the metal shop and ask tim teacher to demonstrate 
screw-thread applications and point out th% major parts 
o£ the screw* 



3. Ask the metal shop teadier to demonstrate the torque 
v/rench and how it applies to screw-threads and asso- 
ciated criticality o£ insertion into various material, 

PLANAR SURPACES 

Planar surfaces are ver>^ importaiit in the applications o£ 
mspection and quality control in the manufacturing industry. 
Accurate mechmical measurement v/ould be practically impossible 
without the bases of these measurements, , The two bases are 
surface plates and gauge blocks. 



SURFACE PLATES 



Mien discussing planar surfaces ^ flatness becomes -a major 
consideration, Flatoess, although considered basic, is a strmger 
to nature. The discovery of flatness, in reality ^ was a nmjor 
breakthrough for the industrial revolution^ It refers to tiie 
measure of deviation from a reference plane . 

Surface plates are v^y relevant for two reasons: 

1* They serve as a horizontal referCTce plme of sufficient 
strength and rigidity on whidi measurOTient operations 
may be si^ported, 

2* Every linear measurement starts at a reference point and 
ends at a measured point, 

APPLICATIONS OF THE SURFACE PLATE 

1, The surface plate has mony uses, some of them are: 

Grinding Table Planing Table Lathe Way 

2, They are used to dieck tiie following: 

Fixed gauging Cgo/iiO'go) RoLmdness 

Scribtog SquarCTess 

Comparative gauging Parallelism 

Hold location togles 

3, Tolerances of the surface plate per imit length can be 

to ,050 or SO thousandths of an indi or more. 
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TTie materials, cleaning, care and use o£ surface plates: 

a. Materials 

Black Granite (most superior flatoess) ^ 

Closer tolerances and lower cost 
Non-corrosive ^ and non-rusting 
Not subject to contact ijiterference 
Non-niagnetic 

Hard, stable, and, long wearing. 

Easy to clean 

Has thermal stability 

Cast Iron and Steel 

Used mostly for separate reference surfaces 
Bcpensive 

Rusts and induce riist 

Niist be oiled (oil collects dust causing error) 
yhst be kept covered 

b. Cost - depends on: 

Accuracy required 
Material used 

c. Degradation of Workmanship 

TTie plane surface can be developed to a high 
order of accuracy because there is no standard, 

A product is not as precise as the machines, 
Tne machines are not as precise as the gauges, 
the gauges are not as precise a5.,. 

d. Applications 

Use surface plates when setting up to dieck 
first article and/or when measurementr./ perpen- 
dicularity is in the 10 tiiousandths, 

\^en con^aring two articles* 

When measurijig one feature to another with no 
reference available on the part* 

Apply degradation of worloTianship principles to 
personal work and in^ortance of care when 
working* 
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GAUGE 1L(XKS - 

Gauge blocks are end stmdards that conibina aritiimetically to 
£om combinations and are considered to be tiie keystone to measure- 
ment. Some of the dj^ortant features' of gauge blocks are: 

^1, They are the basic tool of precision TCasuranent, ' 

2, Ihey allow greater precision than other instrijnents. 

3, 'Ihey must be considered when: 

Precision increases 
Lengtii increases 

Importance of reliability increases 
. Skill of the measure decreases 

4, They are the most iiroortant metrological tool that will 
be encoimtered* 

5, They are the most rugged and most delicate devices i^ed* 

6, They have a built-in (designed and produced) cushion of 
accura^. ' 

BWIROMCNTAL AND TlffiRiMAL CONSIDERATIONS OF GMJGE BmCKS 

1* Must have environmentally controlled attiK^sphere for 
maxim! jh accuracy, 

2, Ver>^ stable y change little \^rith age and care. 

3* Veiy susceptible to corrosion due to' moisture (should 
not breathe on or touch surfaces). 

4* fdist be cluajied and lubricated* 

5. Will shrijA if too much solvent is used (evaporation Oi 
solvent cools blocks), 

RULES FOR GAUGE BLOCK Q\RE a\- 

1, Never attenpt to wring or otherwise use gauge blocks 
that liave been in contaet with diips^ dust, or dirt- 
laden cutting fluids* ' , 

2* Before using, clean blocks with a high-grade solvent or 
conmercial gauge block cleaner* Wipe dkf with a lint- 
free tissue. 
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3. Do not allow blocks to remain v^Timg togetlier for long 
periods. Separate daily. 

4. Ivlien not in use, place blocks in a safe place \diere they 
will not be damaged, preferrably in their case* 

5. Before putting blocks away, clean tiie blocte and cover 
with a. non-corrosive oil, or grease, or coirenercial 
preservative. ■ 

6., Be on constant guard for burrs. I£ anything has been 
placed on a block or if it does not OTing readily, use a 
conditioning stone ijmedlately. 

7* Thoroughly clean gauge block case periodically , 

PHYSICAL A^D hffiTROLMICAL CONSIDERATIONS 



Considerations that must be 
fold, physical and metrological. 

Physical 

Surface finish 
Physical properties 
Identification 
Material : 

Alloy steel (TOSt conmran) 

Carbide 

Stainless steel 
Qirome plate 
Heat sensitive 

GAUGE BLOCK GRADES 



givQi to gauge blocks are two- 
They are: 

Metrological 

Measured plane 

Reversible reference surfaces 
Reference plame 
(All reference surfaces are 
parallel to line of measurCTient) 

! 

i = 
1 



Grade M - Laboratoiy grade . " 
Grade A - Inspection grade 
Grade B - Working grade 

Grade AAA - Ihe grand master for top 4evel industrial 
calibration 

TYPICAL SETS 

The typical gauge block sets manufactured can be: rectangular, 
square, or cylindrical. 

The sets are in groins of 121, 86, 56, 38, and 3S, ^ith a 
set of 81 blocks, over 100,000 con*inatlons are possibleO 

The sniallest size is 0.010 inches md the largest is 20.000 
indies * 
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PRES^ff mm SETS (81 >IECE SET) 

Inches Series BIocKb Sizes 

0.039439; First 9 0.1001 through 0,1009 

0.039755 ' ' indies (mcrements of 

0,000039 ,0001) 

0.039794 ^cond 49 . 0.101 through 0.001 

0, OF 1661 inches (increments of 

0.000394 = ,001) 

0.0197 Third 19 0,050 through 0.950 

0,9646 inches (increments of 

0,0197 ,050 inches) 

0,9842 Fourth 4 1.000 tiirough 4.000 

0.9370 . indies (increments of 

0.9843 1.0000 inches) 

IMPORTAm^ FEATURES OF GAUGE BLOCKS 

Wringing - Bi inging tm flat and smooth surfaces Inti-' 
mately together causing adherence (due to 
molecular attraction) , 

Very ijirportant in the use of gauge blocks. 

i 

Space between blocks can be reduced to a frac- 
tion of a mike (0,0001 indi) but 2 mikes are 
rn^st conmon (90% of the time). 

Wringing Interval is space between blocks, and 
is caused by: 

Poor surface finish (irregularities) 
Air films 
Oil films 
Grease films 

Combining - Stacking various sized blocks to foim a lengtii 
dimOTSlon. 

Example! Oioose blocks to elimate figiures 
from right to left (combination for the value 
I . of 1.60S is 1,605 - .105 - ,500 - 1.000) = 0. 

Example! For a value of 2,4817^ the following 
combinations are made: 
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2.4817 

. 1007 
E. 3810 
. 131- 



2.000 



2. 250 
. 250 



— . 250- 
— 2. 000 



t1007 



. 131 




. 131 
. 250 



mm TO USE GAUGE BLOCKS (SLIDE- PRINCIPU USES FOR GAUGE BLOCKS) 

Calibration of other Iristiiments and lesser standards. 
Setting of conparators and indicator- type instrumeiits. 
Attribute gauging. 

Machine set-i^ and precision assembly. 
Layout , 

HOW TO USE GAUffi BLOCKS FOR NffiASURH^^' 
Measurement by conparison, 

Conpare an imktiown with a known quantity, (stsuidard). 
Depends on: 

1. AccuraQ' of standard. 

2. Discrimination o£ standard. 

3. Reading o£ instrunent. 

WEAR BLOCKS AND ACCESSORIES 

Special carbide or steal blocte reseived for i^e as 
refarence* 

Used to minimize wear of blocks. 

Surfaces at the ends of gauge block stacks . 

Reconmended when blocks are used for direct conparisoii. 

Not needed when block holders are used* 

Bctends use^l life of gauge block sets. 

STUDENT ACTIVITIES 

1. The student in high school is limited to availability of 
surf ace, plates aid gauge blocks. Therefore, study must 
be made by reviewing textbooks on tiie subjects arid/or 
films that may be available that e^laln the usage* 
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2, Ask the metal shop teadier to arrange a plant visitation 
ivhere surface plates aid gauge blocks. are used. Perhaps 
a deiTKsnstration of the usage of these plajiar surfaces 
viill be possible, 

3* Hie entry- level employee ^ although in most situations 
will npt be required to use surface plates and gauge 
blockJj couW" observe more experienced enployees when 
these basic tools are being used. 



OPTICAL Af© AKaJLAR KEASUi ^Wrv 



OPTICAL NIEASURBENT 

C^tical gauging is by sight rather ttian feel or pressure. It 
is a field of study all by itself and i.ill only be briefly described 
relative to the ccnparator and mschariical measurement* 

OPEMTING PRINCIPLES OF OPTICAL PRCJECTORS (CO^ffARATORS) 

1, Basic Elem.ents Necessary: 

a. Light Source - Great intensity to produce a clear 
projection at high magnification, 

b. Collajnatin Lens - Refracts light into a beam, v/ith 
parallel ra^s of uniform intensity on the entire 
area of object (light condenser), 

c. Projection Lens System - Mapiifies and transmits 
the object contour or image resulting from the 
parallel light rays (has six magnifications r 10, 
20, 30-1/4, SO, 62-1/2, 100), 

d. TTie Viewliig Screen - l^ere projected image of tlie 
object is displayed for ijispectioni 

2, Produced on a Screen by: 

a. Projection - aadow silhouette, 

b. Reflection - Mirror image of surface* 

c. Combijiation of projection and reflection, 

3, Applications: 

a* Inspection by observation (cams^ gears ^ crew 
threads, arcs and angles). 
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b. Inspect surface properties (texture, finish, flaws, 
, scratdies, aid nicks). . 

c. Inspect contour (straightaess, cdnslstenQ^ of 
curvature, blendu^). 

' d. Inspect contact pattems - with matii^ parts. 

Advaitages: , 

Versatility Accura^r 
^eed Rfiliability 
Sinpllcity ^ Econony 

Inspection by Con^sarison: 

a. Screwi Charts - Intercdiangeable with regular screen 
" for inspection of standard fonns .(aigles, radii, 

screw threads, gear fori|6)' 

b. ; Overlay Oiarts - Prepared for specif ic applications 
/ eitiier as single contow charts, or charts with 

• tolerance zoma,' 

Inspemon by DirTOti htedsurpwrt on Screen 

a Linear ^feasurQnWts (dlstrace) - Using scales. 

b. Mgle Measuranaife - Using^draftijig protractors. 

c. Radii - Using trai^arait tenplates. 

Ii^ection with Measuring Devices Built Into Projector: 

a; Coordinate Table MovOTaits^CX, Y Axis) -^reading 
the dlspiacOTOTt distance on mcrometer heads tor 
linear dimensions. ; 

b. Screen Protractors - Graduated screm rings com- 
bined witii vernier for aple measuranaits. 

Inspection with and of Fixturing and fecial Attadmejits 

a . Helix ^le Adp usttnsnt - To pTO j ect tiire^ fonts , 
normal to contour plane, 

b. Tramsferrii^ Dimaisions - By means of work holding 
fixtures and dmrts with referaice points, 

c. ^tical Sectioning - With special illimiriation. 



9, Tool Wker^B Microsc^e: 



- a* Consists essmtlally of a hl^-powered microscope 
provided witii a lor^ travel calibrated mechanical 
I stage and adequate illifflunatiOTi, 

b* ^sigrod to satisfy varied measurOTimt requirCTraits 
. susA as resulting from the diverse tasks of tool 
making. 

c* A direct viewing mstrunent. . . 

.10* ^^plications' / 

Linear measurOTents 

Coordinate and angular dMensions 

ContoOT foiTOS (screw tiireads, circular ar«^ etc.) 

Co^lex shapes (can^p gears) 

ANGUm MBASURH4HTO ^ 

■ I ■ , ■ .. ^ 

Not all measwOTents are of str^ght siMffaces, whidi are 
parallel to a potot of reference * ^ere are measuremOTts vfliidi 
have to be made of a slanted (oblique), surface. Mien a slanted 
surface has to bie ireasured^ SOTie means of recording this measure- 
ment is required. The tools reqmr^ are listed below, ^e 
an^ar measijranents are givm in degrees* the standard unit of 
measuranwit is based on tte circle ^ ^ich is 360® and the rl^t 
angle ^idi is 90®* Tolerance is necessaxy lAeri working wi-fli all 
^^s of measureTOnt. Mien working with angles, tte tolerance can 
be given in minutes and seconds. The typical tolerance specified 
mil be deteramied by the of fit &sired. An temple of 
reading an^ar dimmsions ^s as follows p 59® - 59* - 30'-. The 
angle is 59 degrees ^ ® being the syntobl for degrees; 59 minutes, 
' betag the s^tol for mmutes; 30 seconds, " beuig tiie symbol for 
seconds. 

dmimriON bevel 



; ■ ■ / 

- ^ / 

^lis instruniOTt is coiiprised of a stock (a) and a split blade 
(b), i^idi form a bevel. The rajiibers 30®, 45® and 60® r^resOTt 
tiie angles the respectlve-^ges make witii the adjacent sides. The 
tool can make direct measurenmt of a 30®, 45® and 60® angle | 
vfliich can be transferred to tte surface of the wrk. 
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PROimCTOR 



\ 




The protractor is soni- circular in shape. Hie divisions on 
the protiictor are from 0» to 180". the cmter pm enables you to 
set a straight-edge and measure tiie desired angle. 

BEVEL PROTRACrOR 

A bevel protractor combines the features of tiie protractor 
and conijination bevel, "nie straight edges are .attached to ttie 
protractor, ^is instruraait allows measmranoit to be made by 
coiribinliig line and end measuraneiits. 

the combination bevel protractor has a variety of uses. Ihrn 
set enables use as a depth gauge, try and meter square, and loca= 
tmg center of a round piece of stock., Hie set consists of: a 
blade; square head; center head and a bevel protractor. 

STODaJT ACTIVITIES 

Activities for optical and angular measuranents are lifted 
except for the possibility of observation on a plant visitation 
that uses this type of equipniait. Ask the teadier to arrange for 
a plant tour to become familiar with the equipment used and the 
skills required for these types of measurenaits. 



ELECTRICAL MBAaTOM' 



INTODDUCTION TO DC PMAMEIIRS 

The use of electrical instrunoits and equipment to ^e 
measurfflnents has become a major source of information aid data in 
the conplex manufacturing system as it is .^own today. Sopaisti- 
cated tSdmiques for electric^, measuranait were not introduced 
imtil the=twmtieth^century, altiiough tiie, stujr of electrical 
phenOTiaia dates back to tiie time of Benjamin Franklin and the 
Jtaerican Revolution. 
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MBsaiarCT^nt for el^trical par^etws is prto^ily tiie 
measurMmt o£ voltagep^^cim'tot, remsta^^ and frequen^, 
Howeveri nfflst electrical measuremmt| require caily the iwasuranent 
of ciOTent and voltage* "nie synibolslfor tiie basic electrical 
maasurein^t parameters are: I 

I - CurrCTit i*ere \ I « 

- • i 
Voltage 1^ E ^ 

R ^ Resistmce R - 

F = Frequaicy 

Diagranmtic s>nmboliEation of these basic parajneters iji 
direct md Mtemating ctm^OTt are: 



Current 
yoltage 
^^^V^ = Rasistance 

Voltage is the force that ma^es cuirent move through tiie 
wires of a circuit. Current is the actual movOTOTt of electrons 
through a wire. Resistance is the force tiiat contrbls th# moimt 
of current that can pass tiirough a wire. Freqi^n^ in altematijig 
currant is the number of Q^cles occuwuig m eadi second of ttoe. 

*^ Both voltage and curreit can be measured a sufple elec- 
trical meter t^idi uses mpietism and magnetid^rfaracteristics to 
measure tiie amoimt of currait tiiat flows. Mien aiineter is con- 
nected to an electrical circuit, the flow of clur^t tiirough tiie 
coils of the meter creates a map»tic force.^ Biis mapietic force 
is used to move a needle. The anount of voltage, oarrmts and 
resistance is shown by toe position of tiie neei.^* The greater 
th6 current or\ voltage, tiie mor« tiie needle moves. To make toe 
meMuremmt easier, a scale is placed behtod toe ne^le to measure 
its iTOV«nent. IMs scale is marked to show toe/Wlue of currOTt 
on voltage or resistance. The elment toe iretey will measure is 
detemined by toe way toe meter cir^it is raite^tructed and toe ray ^ 
toe meter is coimected to toe electrical circuit. 
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Miere a meter is used to mtaaure electrical valuos, a diffey-;^ 
ent ciroiit is required for eadi type of measuranait. To deter-, 
mine the circuits used, a definitlOT of series and parallel ' ' 
circuits must be made. Resistance in a series circuit is d^icted 
as follora: < ' . 



^2 



Rt " Ri 



+ Ri 



+ Ri 



Vhm two resistors are connected in parallel, they are illus- 
trated as: 




In a pai^lel circuit, if either resistor is disconnected, 
current can still flow through tiie other resistor. In a series 
circuit, if eitiier resistor is discomected, current flew st^s 
because the circuit is brokai. 



Most circuits have both series amd parallel coimections 
ttiey are called series -parallel circuits. The following figure 
shov/s two resistors in series and botii in parallel witih a third 
resistorii 




"Hie figure below depicts two resistors an parallel and the 
parallel resistors in series with a third resistor. 



-VwV- 




Rz 



R3 
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Ihe coll in a meter has smm TOaistance, but rore resistmice 
is usually nee^d* To measure voltage, a large resistance is \ 
placed in series with the mater coils as sho^ below: \ 



R 



For this circuit, the meter is rall^ a voltmeter* 

To measiH-e currait flowj a small resistance is placed in 
series with meter coil wnd a second small resistor is placed 
in parsllel with the meter and first resistor as shown, below: 





below 



Meter connacted as a voltoneter, 
A si^lified diagram of a D-C movijig galvonometer is shown 



D-C Moving- Coll Oalvanometer. 
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Tha galvonareter is a basic ^'arsonv^ nwvCTient cons is ting of 
a statimiary peiMnent mg^t and a movable coll witii atta^ed 
mlrTOr md points. Hie use of a potater permits bver-all i^li- 
city in tiiat the use of a li^t sottrce and a systOT of mirMrs is 
avoided* However.^, ti« ijse of a pointer intToduces the problra of 
balance s especiail5;> iiB the pointer is long. 

AMdSffH^, VOLMTERS, mTOElRSp OfMICTER, Af© OSClIiOSCOPE 
AraMter 

The basic D- arsonval iMVOTiOTt may be Med to indicate or 
measure mly veiy small ojocrmZ?^ A s^llfied diagram of m 
Mmeter is shovm belwi 




LOAD 



Ihe resistance of the shimt is equal to the voltage drop for 
fu]l-scalo deflection divided by tiie rated current of the shmit, , 

Current measuring instimmts 10.3 1 always be connected in :__ 
series witti a . circuit md never m parallel. 

^ • " ^ _ = _ . 

Nfost amneters indicate the maputude of tiie cwrant by being 
deflected fran left to right. If tiie meter is cOTnected with _ 
reversed polari^^ it will be deflected badcrards, and this action 
may damge the movment* The pr^er polarity should observed 
in cOTnecting the meter in -flie circiiit. The meter should always 
be coimected so that the electrm flow will be mto the negative 
terimnsl and out of tiie positive teimnal, tomrai anmeter shimts 
are illustrated below* 




M 



B 
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Voltmatar 



*^ The D'arsOTvai mater laed as the basic meter for mrareter 
may also be i^ed to measure voltage if a hl^ rasistmca Is placed 
in series with the movmg coll o£ the TOter, A sijiplified volt- 
meter circuit is: 



SOURCE 




The value of the necessary series resistance is ^temlned by 
tlie cnirrOTit required for full-scale deflection of tiie ireter and by 
the range of voltage to be nteaswed* M m ^cmplep assmte that 
the basic meter Is to be made uito a voltineter mth a fidl- scale 
reading of 1 volt. The coil resistance of the basic meter is 100 
ohms 3 md ,0001 aiifiere cHL^es ftill- scale deflection^ The total 
resistance, of the meter coil and the series resistaice is: 

D ^ E = 1' ^ 10,000 Ohns 

and the series reii3tmce alone is: 

R ^ 10,000 - 100 ^ 9,900 Ohms, 

Voltage measuring InstrufnOTits are CCTmected across (in- ^ 
parallel with) a. circuit* 

The .ftmctioh of a volteneter Is to indicate the potential 
difference between two points In a circuit* 

Ifettmetar y ;^ ^ " 

Electric power is measured by means' of a watfaneter* Becai^e 
electric power is the product of current and voltage^ 5 

P ^ 1 E. - V \ 

^ A watttieter must have two elemOTts, one^^for cuxrent md^^e^^^ ^ 
other for voltage* For this reason, ^^ttmeters are usually of the 
electrod^fflnometer type whl^ imltiplies tiie InstOTtmeous airrent 
through tiie load by the instmtaneous /voltage across tiie load, 

lie 
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V 



Cftwineter 

The series-^e otaneter consists essentially of a sensitive 
miUlanTOterp a TOltage soOTcap and a fixed md a variable resistor 
all connected in series betwe^ the two tei^nals o£ tiie Instru- 
ment^ as shown below^ 



Series Ohmmetar 



Shunt Ohmmetar 



Before tiie imkiown rasistmce is measured Uie test leads are 
shorted together and the variable resistance is adjusted for full- 
scale deflection, "nie point on tiie meter scale corresponding to 
fuli-s^le deflection is marked "zero resistance," 

Hie Oscilloscope 

Oscilloscopes are used to obtain infonnation about current or 
voltage in m. electrical circuit either to sijpplanent the infor- 
mation giv^^43y indicating, instrunaits or to r^lace the instru- 
ment^^ere speed is inadeqimte. Oscilloscopes peradt determina- 
tio^-'of current and voltage variations that take place veiy 
rapidly. These' devices are 'frequently used to obtain qualitative 
information about a circuit such as current and voltage waves or 
tiiire relationships between evaits in a circuit. 

Hiis form of measuranent also allows detenninations of fre- 
quency in the fonn of a graphical illustration. Some exanqjles of 
the various foims that can be Illustrated on an oscilloscope are; 



Dittrmuiation of phase differmce of two stouioidal voltages 
of BBm iv^xmicy by ihB pattam on tiie face ^of i^thoda-ra ti&t. 




4 Ratio 10:1 f ^atio of frequaneies m a 
Liissajous Figures ^ Li&sajous Figure. 



Lissajous figwes are patteiro of voltages of dlffermt fren 
quencies but related by a su^le Intigiml ratio as Bham In the 
preceding figures. ^ ' ^ 

AC VOLTACffi AND CimRENT 

An altemattag cinTent: (AG) consists of electrons tiiat move 
first in one direction Md then in brother. The Erection of flow 
Ganges periodically. Because TOSt of the tiirory of electric 
power and coniimlcations deals with tiiat si«rge badk and 

forth in a certain maimer faiOMi as sine-wave vArlation^ the sine- 
wave is of considerable iBiportmce iri altematuig oirrOTt* 
^mtools are, 

I or - Currant V NAA^^ Resistance OJU^ ^ Inductance 

© - Voltage ^ Capacitanee E - Impedance 

Si^ortant characteristics of alteinatijig currOTt arer_ 

1* Cyclto - As rotation of a gmerator cpntinueSp tiie 
sides of the loqp Interdmnge positions md ^fte gen- 
erated voltage m each of tiian is the .^posite direc- 
tion. Om COTplete, revolutiOTi of tiie loop results in 
one Q?^cle of indited AC voltage. IMa ttieory is illus- 
trated as shown in tiie follCT^ig diagrams 




Points 0 -to 1 r^resent one conplete c^cle of voltage to 
sin6-TOve fonn. 
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2, Frtquan^ - The imber of conplete cycles occurrlrig m 
ea^ sectmd of tlma. This is symbolizi^ as 'T". 

3. Period - Th& time for dm conplete cyclm of the gOTera- 
tiiig force* ^is is illustrated as 1/f. (For exanplep 
the period of a 60-Q^cle voltage is 1/60 of a second,) 

4t Phase Angle - The aaigle be^een vectors relative to the 
positiOM these vectors rppresmt at amy instarit of 7 
tme. ^This p^ameter is y.li2Strated as ai^le 9, Om 
coi^lete cycle of 360 electrical degrees is indicated in 
the equations 

E 



whe re 



a« 



e 



- E« sin© 



Inatantanaous voltage 
maxlmuim voltage 




e ^ 



Induct^ce 



the angle in electrical degrees repreeenting 
the instantaneous position of the rotating vector. 
Therefore, when © ^ BO^ , Er] ' 100 volts, 
e ^ 100 sin 60'' ^ 86.6 volts. 



I 



Inductance is 
opposes my 



fat property of a circuit that ^ 
__OTt diange in the circuit. It is 
also the pr^erty whereby OTergy ray be stored m a 
ma^etic field* Therefore, a coil of wire possesses 
th6 property^ of mductance because a magnetic field 
is est^lisHed aromd tiie coil whra onrOTt flows 
in the coil!, ^e relationship of mductmce is 
illustrated by the synfcol "L". 

In a sinpl^ circuit, the relationship of inductance 
is shown as follows i 



Where E is the applied 
voltaga and L is the 
inductance. 




b. Capacitance 

Capacitmce is tiiat quality of a cir^it that 
eimbles energy to be stored In ^e electric field* 
In sinple fom, it has bem shorn to consist of tw 
parallel metal plates s^arated by an uisulator, 
called a dielectric. 

- 110 - 



EKLC 



In a sw^ie circuit, the relationship of capaci- 
tance is shoMi as follows: 





Wh^ra E is the applied 
.voltaga and C is the 
capacitance. 



1 



C 




I-ffiASimH^E^ OF I^roCTANCE mo CAPACITANCE 

hteasurOTents of inductaaice and capacltanca wav^a made con= 
vaniently and accurately by A- C bridge circuits. simple fom 
of the A"C bridge bears a strong resanbl^ce to tiie i^aatstona 
bridge. It coMifts of four arra, a power source furnishes alter- 
nating current of the desired fr^uency and suitable magnitude to 
the bridge. A four- arm bridge is illustrated in 'Ae following 
diagram: 



An in^ct^ca conparison bridge is similar to form exc^t 
that the bridge is made up of resistance and inductmce relation- 
ships* An illustration is as follows: 



B 




C % 



Four arm A-C bridga (using Impadances Z^), 
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In til© Inductof^ce bridge, the relationship shows tiiat the 
unkiown Induptance is derived from the eqmtion-- 

A c^acitance bridge Telationship is i^ed to detemine an 
mdcnown cap^itmce by ccai^arisOTi to a loi^^ capscitance. The 
relaticslship Is lllustratW in tiie followtag diagraii: 




Capacitance to^arison 
Bridge 



Other measurements of inductance and wpacitance cm be made 
*by using the followuig bridges: 

1* Ktaxwell Bridge - Pemits measurCTOit o£ Inductance in 
terms of capacitance, 

2, Hay Bridge - Differs from the Nfaxwell Bridge only in 
having a resistance m series wi^ tiie standard capa- 
citor ^ instead of m parallel it* 

3, / OwCTi Bridge - Anotiier circuit for measurOTent of mduc- 
tance in tema of a' standard capacitor* One am con- 
sists of the standard capacitor only, and an adjacent 

/ aim contains a resistance and capacitance in series* 

4> Schering Bridge - One of tiie most iJ^rtant A-C bridges. 
It is used to measure capacitaaice in general and In 
particular, is used to measure properties of insulators,, 
condenser bushings, ^ulating oil, and otiier insulating 
materials* Ihis bridge is ill^trated diagrOTnatically 
since it is very inportant. 
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Schering bridge. 



If 



The eqtiation is : 



resistance in unknown Capacitor 
adjustable capacitor, 
a high grade mica capacitor, 
air capacitor 



MEASUra^ENT OF FraQUB^CY 



Several types of Jjistr^ents have been devised to detemina 
frequency- Some of them are: (refer to^^ection on oscilloscope 
operation and use*) 



2, 



Nfoving Iron Type - Has a moving elOTmt consisting of > 
soft-iron vane and two crossed stationa^ coils tiiat are 
connected with some sort of frequency- discriminating 
network^ so that one coll is stronger at low frequencies 
and the other at high frequencies. 

Resonant Elect rical Type - Two tuned circuits > one tiffied 
to resonmce slightly below tiie low md of the instru- 
ment scale I the other slightly ateve the high end*_ 
These two circuits may be combined with a crossed-coil 
instnMent or an elect ro^dynanometer to make a frequency 
meter. 

Mechanical Reson^ce Typm - A series of reeds fastened 
to a conmon base that is flexibly moimted and that 
carries the armature of m electromagnet vrfiose coll is 
energized from the A-C line lAiOse frequency is to be 
measured. 

Transducer Type - The frequency measuring fimction is 
entirely separated from tiie indicating Instnment, whidi 
in this case is a sljT^le D-C meter. Two paralle3 off- 
resonmce circuits are used, one resonant below the 
instriment range Mid one above* 
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It Is possible to m^e a sin^ple meter to measure elec- 
tricity. The nmterials needed to build a ineter are as 
follows: ' ; 

a. Qtie frozen concentrate juice container niade of 
^ cardboard or a cardboard cylinder of about l3ie same 
diameter, 

. b, Qfie 10 D Qpenny) nail or a piece of soft steel rod 
about three inches long and one eighth (1/8) indi 
diameter welding rod obtained from yowc teacher, 

c, BiMaled wire approx:U^ia^ly 28 gauge (American Wire 
Gauge) about 25 feet, Sojurces: Industrial Arts or 
Science teadier^ the coil on the back of m old TV 
picture tube or a hobble store* /KtH: Get tiie 
wire from an old TV, ijnwrap it carefiJ.ly so that it 
does not breaks kink, or loiot up* 

d. Qie '*D" cell batteiy or any flashlight battery with 
1.5 volts (a 9-volt transistor radio battery will 
not work for this meter)* 

^ e. Two 3x5 note cards, ^ ' 

f. One small elastic or rubber band, 

g. 'One flash light bulb, 

h. Masking tape. 

i. Tools: scissors, file, pliers, hacksaw, ruler ^ and 
permanent magnet. 

The steps for the construction of tJie meter are as 
follows: 

Once the jiiice container has been washed out, measure 
two inches along the side of the container, from the 
open end, and eut tills part off to make a q^llnder two 
.inches long. This will open the cylli>der at both ends. 
Cut two ■'V" notches as shovffi in Figure 4 (a), page 117, 

Now wrap the wire aroimd the outside of the ^luider* 
To do this I begin about six mches from the md of the 
wire and tape the wire to the cylinder 1/8** below one of 
the notches. |eginning at the notdi^ wrap the wires 
neatly aroimd the cylinder eadi turn next to the other 
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covering a^roximately one inch o£ the Q^linder, ^ At 
this point'^ begm anotiier layer of wire and continue 
winding on top of the first. Wtod 1±is layer , in tiie 
Bmm direction as tiie first. Wind layer on layer mtil 
sixty- five turns have been made. Wim it is ctone, 
finish at the notch opposite one at vSiidi you started 
and tape the wire in place with a small tab of masking 
tape. Cut the wire leaving about six dndies of lead, 
save the rest of tlie wire. 

The pointer is made by cutting the head off of the nail. 
Hieij mark a point one- third ^e lengtti from the end of 
the nail; File botiii sides of tiie nail for the ^o- 
thirds length uQtll the nail balances at iJie nmrk 
[Figure 4Cb), page 117]. 

Once this is finished, the short round md of the 
pointer nwst be magnetized. To do this, r^ one pole of 
a permanent magnet in one direction over the short round 
end of the pointer imtil it is magnetized. 

Cut a,two=indi piece f rom tiie md of a note card. Fold 
this in half, parallel to the long side to make a *V 
shape three indies long arid one-mdi on a side. 

Push the pointer through tiie center of tiie card md 
fastKi In place with the elastic. Figure 4(0), page 117. 
Position the pointer so tiiat vAien the card is placed in 
tile 'V notches of the cylinder, it balances md stands 
straight. 

Attadi a 3 X 5 note card to tiie cylmder so that it is 
vertical and the pointer dan move freely in front of tiie 
card. 'Ihis is a place to mark your readings wlien you 
ej^erlment with your meter, Figinre 4Cd3, page 117, 

Once the meter is made, you can take measuronOTts , This 
meter will measure low value of DC (Direct Current) 
only , CAUTION - DO NOT ^E^ITO ANY a^CTOICm OTHER 
THA N BATTEklES LABHLm 1.5 V K . 'Ihese batteries are 
marked "D*% ''A**, '*AA*S •^AAA'S "AMA". 

Scrape the insulation off the aids of tiie wires from the 
meter coil. Connect eadi of tiie meter leads to one of 
the poles of a "D'* cell battery, "nie meter pointer 
should move. The position in which it stops should 
indicate l.S volts. Note \diere this position is. 
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Cleaji the varnish insulation from ^ds of tiie wire 
left over after you wound the meter coilr - to^ect cme 
end of this to one of the meter lea^. Now reco'meet_ 
thm batte^ wil^ -die long lengtii o£ wire in the meter 
circuit. Etoes tihe meter pointer irove as far this ttoe? 

Connect a flashlight bulb to tiie battery so tiiat it 
li^ts. Touch the two lea^ of tiie meter to the con- 
tacts of the bulb, Ihe movement of the pointer to a 
position on the scale shows 'flie amount of voltage used 
to get the li^t to light. 

Disconnect your meter and recoimect it so that one md 
of the battary is connected to tiie meter and the meter 
to the bulb J and tiien ^e other contact of the bulb to 
the battety (this is a series circuit). See Figure 5, 
page 118. The deflection of tiie meter needle is showing 
tiie current used by tiie light bulb. 

The meter constructed is a device much tiie sane as 
meters made and us^ in in^try. Electrical properties 
measured are basic to tiie study md i^e of electricity. 
If more infomation is required on the subject, it is 
available from several sources^ 

Mong the best sources for infomation is the nearest 
library, for both basic md advMiced manuals md text- 
books. Science teachers in high sdiools ^r colleges or 
graduate engineers , electricians , telephone repairmen, 
can also help. Jteny hobby shops md electric si^ly 
stores have a selection of basic manuals for sale lAidi 
provide good.backgromd material and a ninnber of experi- 
ments with electricity. 

In order to build the circuits foimd in most of these 
books, a meter movOTent of greater sensitivity is 
needed. Ihis can also be purdiased at low cost from 
hobby or electrical simply houses. The meter con^ 
structed from this instruction is only a model to 
deTOnstrate how simple electricity is to measure, 

2* Visit the electrical laboratory in your school and ask 
the teacher to demonstrate basic electrical measurements 
on the meter wailable. Perhaps the teadier will allow 
you to practice making simple measuremmts untder close 
supervision. 

3. Arrange a plant visitation at a local electronic or 

electrical assonbly plant. Ask the tour guide to demon- 
strate the different meters ajid how they are used in 
basic measurements. ^ 
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4. Purdiase a Heath Kit or similar meter hrmd name and 
assentie as directed, A basic otamieter or vaanm tube 
voltmeter wuld be a good startiiig point. 




SERIES CIRaJIJ- 




1, 5V 
BATTERY 



Mater connectiori to battery 
wires to reverie needle 
movement. 






Meter and battery 
connections with bulb. 
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QUALITATIVE OTMICAL TESTS 

Chemical measuranent is one of the major measurement cate- 
gories of concern to Inspection and Quality Control. Some of the 
most conmon are reviewed in this section. 

ACIDITY AND ALKALINnY 

TTie degree of acidity or alkalinity W of a solution or 
mixture is in^ortarit to many situations, ^""^e conc^tration of 
hydTOEprflons present in a solution is a fmictjon of the con- 
rentraioA of acid and degree of ionization. This definition 
applies eqWly to bases and by suitable consideration of the 
cv-emical equilibria involved to hydrolysis accon^anied by ioni= 
z'ation of a product which gives hydrogKi or hydroxyl ions. 

If an acid is present or added, the amomit of hydrogen^ ion 
increased and' the anraunt of hydrdxyl ion correspondingly reduced 
according to the laws of mass action. 



118 



127 



Where* ^ Concentration of Hydrogen Ion 

Cqj^ " Concentration of Hydroxy I Ion 
Ctt rs - Concentration of Water 

The value of is commonly expressed as the pH value, which is the logarithm 
metic values Io%^q ^ f ^11' 

MaasurCTent o£ pH values are comnonly nade o£ chCTlcal 
processing solutions, e££luants, soils, food stuffs, and otiier 
chemicals ^Aere acidity or alkalinity is wportant* 

pH values may be detemlnad by use of pH papers and the 
hydrogen electrode ^ antiJMny electrode, colorimetry, quln hydron 
electrode or glass electrode, 

pH is measured in a scale starting at 7*0 ranging ^ivnwards 
towards 1.0 as being extrenely acid and ipward to^mr^ 13*0 as 
being extrmely basic or alkaline* A pH of 7*0 means neutrality, 
that Is the Qi ^ Cqh* Pure or distilled water approaches of pH of 
7.0- ; 

Sources of error in pH measuran^t Incli io n^erature of 
sai^le and standard, contfflnijiation of the test s^^ ation, degree of 
buffering required to reduce turbllity called contmi^antSj 
degree of dissolved salts, type of colorunetrlc indicator used and 
calibration of electronic equlpmrat used. 

T^ical areas of application includrf: 

Metal clemer solution control 

Degreasing solution control 

Household cleaner iMiufactufe quality control 

Soap purity quality control 

Food preservatives purity control 

Textile fijilshing materials quality control 

^e stuffs quality control 

City water simply purity control 
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Halogens 



'file presance of halogens, dilorine, fluorine , bra^e and 
iodijie Is M^rtant to mBny ^OTical reactions or processes, 
Kfethods of analysis include the following i 

1. Silver nitrate is added to precipitate lAite mor^ 
silver chloride from nitric acid solutions of soluble 
dilorides, 

2. Silver bromide, pale yellow in color and silver iodine, 
yellmv in color^ are gOTerally insolubla in anmoniiim, 
hydroxide solution. 

3. Silver bromide is slowly soliile and silver iodine hard 
to dissolve in amronlifln hy^^xide solutions. 

4. Concentrate mrnmiixm carbonate solutions dissolve 
silver diloride, ^rfiereas silver bromide is very slightly 
soltfcle md silver iodine insoluble* 

Tests for presence of halogoas r^inre only COTiiOTly used 
laboratoiy equipTOnt sudi as flasks^ beakers, grain scales * dis- 
tilled water, buMen bumer, ReagOTt grade di^icals imist be i^ed 
for test solutions* 

Sources of error in precipitation methods sudi as i^ed for 
detecting halogens include , tmclean flasks or be^ers, M^ure (not 
distilled) water, too low tOTperature of the test solutions, mi 
inteipretation of color indications* 

TVpical areas of application include: 

Photogr^hic ©nulsicm quality control 
Blea^ manufacture quality control 
^e stuff mamufacture qimllty control 
Reagent grade chanicals purity control 
City mter supply purity control 
Precious metal recovery control 

NITROGEN C0^P01M)S 

The presence of nitrogen conpomids, sometimes referred to as 
combined nitrogen, is inportant to mmy diemical reactions and 
processes. 

Methods of analysis include ^e fol lowing r 

1. Amnonia is a nitrogOT conpomd. Presence of ammia 
gaseous solutions cin be readily detected by its strong 
pungent odor, tootiier c^venient test is to add eight 
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percent sodiiM hydroxide solution to the test solution 
and place moistened red li-onus paper m tiie vapors and 
<^ heat tiie mature slowly. The lltma paper wlH turn 
blue In color i£ aMnonia is present. 

2, Nitrates contain ansronia. A convenient test for pres' 
ence of nitrogsi in an untaiown solution is to conilne 
one part imtaown soluti.on with ten parts concentrated 
sulfuric acid in a test tute. Then carefully add a 
saturated solution o£ ferrous sulfate hy letting it flow 
down the tube v;allt Dc3 not mix solutions. Formation of 
a brown ring at tiie Jiniction of .the solutions Indicates 
presence of nitrogm in nitrates. Nitrates are coimonly 
used in fertilizers tad explosives. 

3. -Amines contain anmonia* A convKiient general test for 
presence of nitrogm in mines is to ram one milliliter 
of a test solution with two drops of chloroform md two 
milliliters of a strong alcoholic solution of potMsiim 
hydroxide, A very distinctive^ strongs and disagreeable 
odor of carbylamine results if amines are present in tiie 
test solution* Standard laboratoiy apparatus is needed* 
Amines are coiiTOnly used as diCTical reagents and are 
comronly found in nature in sudi tilings as fish oil and 
their ; der ivat ives , 

SULFUR COIPOUNDS 

The presence of sulfur conpoimds sudi as sulfates, sulfites ^ 
sulfides^ and thiosulfate are Im^portrnt to many ^emical reactions 
and processes. 

Methods of analysis include the following: 

1, Soluble sulfates may be idOTtified )yy the bariimi sulfate 
precipitation method. Dissolve a test sai^le in water, 
make the solution acidic to litmus by aidding 1:1 hydro- 
chloric acid, heat to Ijoiling, add a few drops of ten 
percent bariinn dilorlde solution and mix. Sulfate is 
indicated by a finely. divided_barium. sulfate, prec 

tate* Standard laboratoiy apparatus is needed, &)luble 
sulfates are comronly used as chOTical reagents and are 
used in fertilizers mil phannaceuticals* 

2. Insoluble sulfates mi^t first be converted to soluble 
sulfates. For tills purpose ftise a test smi^le witii 
anhydrous sodiufn carboMte in a cmcible* Let the melt 
cool and dissolve it in. water. Filter to obtain a^clean 
solution of soluble sulfate. Verify presence of soluble 
sulfate as described in the above paragraph* 
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bffim PRDCESSING 



The presencB o£ metallic elements in ^^erals or ores is of 
primary toterest in sudi processes as recovery of gold, silver^ 
nickel 5 copper^ iron, or tiJi. Identifipation o£ these TOtals in 
nmierals or ores involves a series of tests in sequence ivliereby 
precipates are proc^ced of the metals witii various salts added to 
solutions of the mijieral or ore. 

The msthods of test are maiy md only one exsnple mil be 
sho\vTi to es^laln the geieral approadi. 

„ „ 1* Silver, merciiry and lead x™n»nly ocai an the SOTie ore 

or mineral. Fuse the saiple widi sodiiM carbonate, 
dissolve in water acidified with 1:3 hydrochloric acidj 
heat slowly, filter i^lle hot and allow tiie filtrate to 
cool. Reserve the liquid for fiprther testing. Lead is 
indicated if a fme \Aite precipate ^veloped. The 
, residue on the filter is silver diloride or TOrcurous 
dilorlde or botii. Wash witii hot water and tiien 1:5 
ammoniim hydroxide solution* A black residue indicates 
presence of mercury. Jteidi^ the amronical solution 
with hydrodiloric acid, a \diite pr^ipitate indicates 
presence of silver. 

2, Standard laboratoiy apparatus is used. Errors cmi 

readily occur in "^ese tests if inpure reagents are used 
or imclean a]^aratus is uised. Carefiil prevmtion of 
coritanination is necessaiy to msure accurate results, 

CONTJ\MINANTS ... 

The presence of contaminants in piAlic said industrial water 
si^plies is m in^iortant matter requiring diQnical analysis and 
control. 

Some of the more coimnon tests made are as follows: 

1, MLDiicipal water supplies are primarily checked for 
bacteriological content and act ivityr- In additioni^ 
color^ turbidity, dissolved solids, hardness, alka- 
linity, or acidity, iron, manganese, fluoride, free 
dilorine and pH are determined. Occasionally, a com-- 
plete mineral content is deternmied. 

Z\ Of these tests, color, turbidity and pH are qualitative 
in nature j i.e,., exact nunters are not of concern. 
Color comparisons of a test smtple are viewed under good 
i/llumlnation with water color standard solutions. Less 
or more color i^ the test saii^le indicates conparative 
Momts of the knoTO chsnicals in tiie color strndard* 



^-3. Turtidity craroarisons are made in a similar roarmer as 
color coi^arisoiis. 'Water turbility stmidard^ contain 
^am levels of minerals or otiier additives usually in 
a fine collodial state siapmded in ttie water* Test 
saio^les are vie>^^ imder good illundnation and conpared 
for mroimt of turbidity present. 

4* pH deteminEtioM were discussed earlier. ' ^ 

5, Errors in tiiesm tests primarily occur tiirou^h imlnten- 
tionaLL contarnination of test saitples and to^a lesser 
degree in, Judgeneit of color and/or turbidity levels or 
differences, 

OIlffiR PROmSSES 

TTie s^aration and identification of various cations by use 
of the paper chranatographic malysis metiiod is m inportaait 
quality control tool/ Qiromatographic te^niques are capable of 
separating mijctures contaming as nmy as fifty co^onents with 
similar prc^erties. This metiiod giv^ strOTig proof if a certain 
cation is present or abseat in a test solution* 

Ihe separation and idoitification of three cations will 
Illustrate the melJiod. The objective is to detect pres^ce of 
silver^ mercuty^ amd lead iji a nitrate solution suspected of 
containing these cations* 

1. Modem laboratories ©i^loy-very sophisticated md cm- 
plex equipramt such as the Gas aurOTOgraph^ the ^ectro- 
meter md the Electron Microsc^e to s^arate and 
identify chemicals in test materials and solutlms* The 
principles md operation of these devices would be 
appropriate' if their use is available . 

2. Obtain tiiree strips of reg^ar laboratory filter p^er 
six indies by one mdi. .toe each strip drs^ a line witii 
a pencil; one indi from eadi md^ place a dot iji tiie 
center of one of tiie lines m eadi strip; and crease the 

_ ^ strips. .alongjOieir lm ^ ................... 

3. Place a dr^ of tiie nitrate solution on the pencil dot 
of eadi strip p allow to^diy and place a second drop on 
the spots and allow to diy. 

4. Fill three six-indi test tubes vdtii OTe-half todi of 
distilled mter, inmerse /^e filter strips witii the (tot ; 
end dom. Keep -fte tubes vertical md be carefid to not 
splash tiie water* The water will Aen start to clliiib 
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the filter paper by capillary action. Vflien tiie water 
rises to the i^^psr line on tJie p^er, rei^ve the paper 
and allow to dry. 

5, Inmerse ^e strips one at a time in a slx-mch test tube 
filled nearly to the, top vdHi potassiOT dKromate solu- 
tion. Remove thm after two to tiiree minutei and pass 
wo of the strips one by one over 15 M Mi^(M v^ors from 
a bealcer in a ho^. Observe the colors carefiolly, saam 
mixing of colors may occur. Orange indicates lead 
present. Black indicates merojiy, A spot of brick red 
on the third p^er occmTlng after ^^osure to the 
potassiim chromate solution indi^tes presrace of 
silver, ^posure to tte aiTOnla vapor i-dll fade tlie 
brick red spot, 

6. Ccnparative tests may be mads to help in the color 
discrimination usir^g individual solutions of leadj 
silver and mercurous nitrate, 

STLIDENT ACTIVITIES 

Determination Of ^proximate pH Value 

ColoTOtric Determuiation of pH Values 

If the approximate value of the pH of a solution is miknownj 
the order of its magnitude Mist first t« ^^roximated in order to 
select the correct indicator for a irore acairate ev^uation* As 
a rule a fei^ sii^le tests will si^ly infonnatlon. For 
exmrplej if a solution rOTains colorless ^ter a £m drops of 
phenolphthalein are adtol, it indicates the pH is less than 8*0. 
If a second test is made with methyl orai^e and tte solution 
assuTOs the color of the indicator (ormge) , it means the pH Is 
greater thm 4.S. Thereforej the solution has a pH value between 
4.5 md 8.0* Additional tests using indicators with pH values 
between 4.5 and 8*0 cm be used to establish a closer estimte of 
the ti^e pH value. Ihe following tabulation lists the various 
readily available indicators for this test method* 
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Tliymol Blue 
Methyl Yellow 
Itothfl Orange 

Blue 
BromocresQl 

Green 
hfethyl Red 
Qilo'Wphanal 

Red 
BroTOphanal 



pn f^ulge 








1.2-2.8 0.11 
^» u 
3.1-4.4 


sol. in 
ft 

tt 


Red 
Red 


Yellow 
Yellow 
toang© 


3.0-4.6 


n 


Yellow 


Blue Violet 


3.8-5.4 
4.4-6.2 


tl 
tl 


Yellow 
Red 


Blue 
Yellm^ 


4.8-6.4 


it 


Yellow 


Red 


S. 4-7.0 


11 


Yellow 


Red 


6.0-7.6 
6.4-8.0 


tt 
If 


Yellow 
Yellow 


Blue 
Red 


7.4-9.0 
8.0-9.6 
8.0-9.8 ■ 


if 
tl 

!f 


Yellow 
Yellov/ 
Colorless 


Pu^le 

Blue 

Red 



BroTO^ymol 

Blue 
Rhenal Red 
M Cresol 

Purple 
Hiymol Blue 
Phenolphthali 

Solutions witii ^ value less tJian 7*0 are acidic and solu^ 
tiOTs witii pH valiws greater thm 7.0 are alkalme. Distilled 
water has a |*1 of 7.0. 

Di^rovijig Estimate 0£ True pH Value 

Vflien tiie approximate value of pH is 1* -i^: 3^5 or 10 ; c 
(depmding on amount of solution avftllal^Xr'; ^'■:(e mewured out ty 
raems of a graduated cylinder mi tran^^ ^r sM i^imo a Pyrex or 
other hard glass test tub^* A measure^l aikitmt of an iMicator 
soiiition for srae value I^^ot 4*?? 8*- is added care&lly 
froni a pipette of Icc voliBne ^idi L*i gxadrnted in 0.01 cc* Mo. 
rule, 0.1 to 0.2 cc of a, iVJJ indieatox solutim to 10 cc of 
liquid will be the proj^dr aromt. Then tiiese biif Jot solutions (8 
to 10 cc), the pH of vMdi overlaps tt^at of tiie im3aram are taken 
and treated in exactly tiie same vmy, ^The follOTMifi ?aI ;ilation 
lists buffer solution usedr for tills test me^^ 
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STANDARD BUFFER SOLUTIONS 



pH 












2 N KCl diL to 100 ml. 


1.6 


48. 5 ml. i 


D. 2 NHCL + 


25 ml. 0. 


1. 2 


32. 5 ml. 




1 1 


M 


ti 


1.4 


20. 75 ml. 




1 1 


II 


It 


1.6 


13. 15 ml. 




1 1 


II 


fi 


1.8 


8. 3 ml. 






1 1 


11 


2. 0 


S. 3 ml. 




i f 


!i 


f i 


2. 2 


3. 35 


ml. 




1 1 


f 1 


H 


2, 2 


46. 70 


ml. 


0. 


1 N HCi 


+ 50 mi, 0. IM KHC8H4O4 diL to 100 


2. 4 


39. 60 


ml. 




M 


li 


! i 


2. 6 


32. 95 


ml, 




i ! 


II 


' li ^ 


2. 8 


26. 42 


ml. 




t ! 


ti 


II 


3. 0 


20. 32 


ml. 




1 1 


II 


If 


3. 2 


14. 70 


ml. 




t f 


11 


If 


3. 4 


9. 90 


ml. 




1 f 


II 


it 


3.6 


5. 97 


ml. 




1 1 


If 


II 


3. 8 


2. 63 


ml. 




1 1 


II 


II 


4. 0 


0. 40 


ml. 


0, 


1 N Na OH + 50 mL 


0.1 MKHC8H4O4 diL to 100 


5. 0 , 


23. 85 


ml. 




1 1 


1! 


1 1 


6. 0 


5. 70 


ml. 


0, 


1 H Na OH + 50 mi. 


0, 1 M KH2PO4 dll, to 100 ml 


7. 0 


29. 63 


ml. 




} 1 


1 1 




8. 0 


46. 80 


ml. 




1 1 




11 


9.0 


2i. 30 


ml. 


0, 


1 K Na OH + SO ml. 


0. 1 M H3BO3 dll. to 100 ml. 


10.0 


43. 90 


ml. 




n 


1 1 


11 



Conpare color of smqplm with the several tubes of buffer 
SQlution* The buffer solution \4iich most closely matches the 
color of the sas^la providas a good second ai^roxlmation of the 
sairple solution pH value, A second iji^roved approximation of -die 
pH value may be made in a similar mmner using another pH indi- 
cator lying between 4*5 md indicator used above, or between 8*0 
and the same indicator, md a tiiird iiiproved approximation may 
then be made in a similar mamier. This process my be repeated 
imtil all ranges of liidlcators md buffers have bem used* 

Chemical Measurement CQuantitative) 

To prepare yourself in qumititative methods, activities are 
presented since tiiey are considered necessaiy in skills develop- 
ment* 
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Exercise in the Use of the Balance* 

Disci^s i^e of tiie balance in deteiiitmation of weight 
relatioMhip involved m chanical dianges and raalysis. 
Practice in wei^t measiff®iCTt is ij^rtant before 
attenptl^ chmical analysis e^erimOTts* MeastorOTent 
error probabilities md slgmficmces should be pre- 
sented* 

Separations of Solids and Liqiildj 

Many diCTiical samlyses require separation of solids and 
liquids. Jfethods include formation of precipitates, 
gravity filtration^ centrifuging and decantation. 
Practice in these methods are required. ^ Use water 
solutions of silver dilorlde acidified ydth tCl, Borium 
Oiloride acidified mth sulfiffic acid,^ md Misainum 
t^droxide rMCted tdtii Almmumi Nitrate, Use mldw*m 
conpositlon ssarples end calculate wei^t units per 
voltmie using solid precipitates obtained* 

Deterndnatlon of ^e Percentage of Qjygen m Mr, 

Since air is a mijcture of gases, it is possible to 
e^^ose a measured volime of air to a' chCTdcal subtance 
that removes (absorbs) ^e oxj^gm a^ leaves tiie other 
con^)onents imchanged* By measuring tiie decrease in 
volume occasioned by the rOTOval of oxygm^ it is 
possible to calculate percentage of oxfgm m tiiB 
original sai^le of air, A suggested metiniod is to 
absorbs o^gOT trm air In a mixture, of tiiree parts 
pyrogalllc acid and 22 parts potassim hydroxide solu- 
tion (measure parts by volume) and measure loss of air 
volifflie to determine percentage o^Qrgm m the air. 
Standard laboratory equipmOTt is rM.uired* 

Determination of "Itertoess" m Natmral Waters ^ 

Natural raters contain dissolved salts timt cause the 
water '^araless,*^ 'Hie degree of hardness relates to the 
"soap consuming power" of tiie water* ^e ''harder" the 
water ^ thm more it c^^idms soip* A harcbiess value for 
the water can be expressed in teims of tihe mrnmt of 
soap consimed mitil a st^le latter is produced* Mix a 
100 ml, of rater mtt a standaid soap solution added in 
,5 ml, incrOTents md agitate vigorously eadi tiro, 
(^ntinue additions mitil a stable lattier is obtaljied. 
Divide the niMber of milliliters of soap required by 100 
to obtain a 'Tiatdfiess value" of the rater. 
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5, The imnonia cdntait of a "HDusdiold Aiiimia" 



A typiMl quantitativ(B diemical malysis measinrai^it 
used for quali^ control of tiia mraufactiffad proAict. 
Household fflmonia is prepu^ 1^ parsing ^nnmla gas 
(fWj) uito wat#r, ft^Ujiarilyi one volifflie of TOter 
dissolves atout 800 volimes of 1^3 , Anittnia reacts i^th 
water (H2O) to foim Wl^Cti mniDnia hydwxida^* The law 
requires ttous^old ramonia sold in stores ^ntain not 
less tiian 9* 5 percent Mlj. Weight md titrate m 
aamonia solution san^le wilii 3tg of HCl j^r ml* solu- 
tion, me mmhyl red indicator, W^n/|^e and point is 
reached, calculate the parent OTpwnia'CNH3) from tiie 
wei^t of HC^ in the stai^rd solution iisea divided by 
tiie wei^t ©f^^e amraiia sanple* 

%NH. ^ \ Mil of HClUaed 3£ . 3 gm/mil ^ 
- ^rams of Anmionia Solution Tested 

R^eat test five ttoies and calculate iJie iq^er control limit 
(UCL) and lower control limit (Ld) as follows- , 

J = Hlghegt Raading - LQwagt Reading 

5 . ~ \ ' " " 

UCL. ^ D4R , Where: « 2, 1 14 for sample si^^ 5 

Central Line = R D3 ^ 0 for aample size 5 

LfCL ^ R ' 

A control diart could then be Initiated and used to dieck 
future production lot quality.^ "Hie range of 5 sMples t^en at a 
later date would not exceed tiie UCL - D4R as long as the process 
producuig the anmonia solution rCTained unchmged. 

6* _.lh# Acid Content of Vinegaar for Hoi^ehold Use* 

This must not be less thmi four percent wi^t toqsressed 
as acetic acid. Vinegar is a rather complex mtoture 
that is produced by feiroentation of a^le cider, com 
sugar, or grape guice. The priiicipal diwdcal changes 
Involyed are foiiiation of ettyl alcohol CCgHeOH) and die 
oxidation of ^the alcohol to acetic acid 0^C2H502) W 
^ "Bacteritm acetic'' and related orgapnisins* Acid content 

is determined by titratiOTi sfflples with stmidard soditon ' ' 
hydroxide solution. ^ 

The procedtffe is quite simple and easily acccMTiplishad 
with nomal laboratoty^^uipmOTit, 
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Wash a burette "tfiOTOU^y with distilled rater* Fill it 
exactly to the zero mark with a 0,1 pi ItoCH per mil. 
solution. Wei^ a clean a:y 250 ml* beater to tfie 
nearest 0.1 gm. Add 20 ml. of Vinegar. Wei^ filled 
beaker to nearest 0*1 to detexmtoe TOight of vinegar^ 
Add 20 ml. of distilled rater and ti^ dr^s of phOTOl- 
phtiialein indicator solution* 

Titrate the saiiple of vtoegar wth tifte stahdM-d spdiian 
hy^xide £ rom the burette. The first ^earances of a 
peiTOtttoit plrfc coloration denotes Ae CTLd-pomt in 
titration. Record the initial and fuml burette readings 
and calc^ate the p^rcmt acid m follp^s : 



Wei^t of be^r \ m * 

Weight of beaker + san^le i g n* 

Wei^t of sanple (2-1) ' 
Initial burette reading ^ "1^ 
Fijial burette reading tf -* ^ 

VoliBM of liaDti solutlm used m l. 
Cone, of NaOH solution i^ed p i. /ml. 

Wei^t of iteffli in the volime 

of NaOH solutim used , 
Ifeight of HC2H3O2 neutrallzad 

by weight of NaOH 
Percent of acid foimd 
. (9 divide ^8) * 

Control dmrts for range R md w^t aid lower OTitrol 
limits may be pr^arad m a smilar maimer as dascrihed above for 
percOTt of iWj in *lioi^Aold amno 

7. QiOTdcal Analyses of Food Products ^ 

/ These are vital to cOTtrol qwlity and safepaard tiie 
consi^r*s health, lb illustrate tiie l^nds of tests 
mada^ those perfomed m tonato paste are outlined 
below: (Test Mtiwd details are mt presOTted in iMs 
outluie. Instnwtors are referred to sudi references as 
the ^ 'International Oiaidcal teries - Tedmlcal^ 
of At^^Ts, " by Griffin, ^fc6^aw-Hlll Ccnipaiy.J 

a. Total &lids - Evaporate to ctayness and weigji. 

b. InsolLfcle &lids - Dilute, COTtrifuge, diy md 
wei^ residue. 

c. SoliAle Solids - Subtract percentage of insoluble 
solids fran total soll^ to obtain percmtage of 
soluble solids. 
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d. Sand - mi^ sa^le With rater, let stand .5 minutes, 
decant off ii;pematant liquid into second beaker, 

\ let Btand 5 minutes, decant toto a tiiird be^er* 
Repeat starting wi-^ first baakerp fill with 
water, mix, let stand 5 minutes, decant into tiie 
second beaker and so m* Finally, ^csnt all 
s^enmtant frOTi the third be^er and ddseard* 
tey , Ipiite a^, weigh reside in tiiird teaker to 
obtaiJi amount of sand* 

e. Sodiim Chloride - Determine ttlorine TOtaetricall^ 
by tim Volhorant iretiiod uswg m.tric acid solution 
of tiie ash obtained by IgnitMig a 10 ffa, saiple in 
a crucible. Calculate percentage of NaCl us^ 
NaGl - AgCl X 0*4078 

Icc ).l N AgNOj ^ 0,005845 ffn. NaCl, 

. f. Othfer tests made include redictag sugars, sucrose, 
total acids, volatile acids, butyric acid and fixed 
acids . . 
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